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ABSTRACT
The l i f e  c y c l e  o f  A l a r i a  m a r c i a n a e  ( T re matoda )  as  found in  
L o u i s i a n a  i n v o l v e s  t h e  p l a n o r b i d  s n a i l ,  He' l isoma t r i v o l v i s , as f i r s t  
i n t e r m e d i a t e  h o s t ;  t a d p o l e s  o f  Rana c a t e s b i a n a , R. c l a m i t a n s , R. 
u t r i c u l a r i a , Hy la  c i n e r e a , and G a s t r o p h r y n e  c a r o l i n e n s i s  a s  s econd  
i n t e r m e d i a t e  h o s t s ;  a wide  r a n g e  o f  a m p h i b i a n ,  r e p t i l i a n ,  and mam­
m a l i a n  p a r a t e n i c  h o s t s ;  and t h e  b o b c a t  (Lynx r u f u s ) ,  d o m e s t i c  c a t  
( F e l i s  domes t  i c u s , and j u v e n i l e  r a c c o o n  ( P rocyon l o t o r j as  d e f i n i ­
t i v e  h o s t s .  Eggs d e f e c a t e d  by t h e  d e f i n i t i v e  h o s t  r e q u i r e  an i n c u ­
b a t i o n  p e r i o d  o f  a p p r o x i m a t e l y  20 d a y s ;  a f r e e  swimming m i r a c i d i u m  
h a t c h e s  from each  egg and must  p e n e t r a t e  a s n a i l  w i t h i n  24 h r  o r  d i e ;  
t h e  m i r a c i d i u m  t r a n s f o r m s  i n t o  a m o th e r  s p o r o c y s t  w i t h i n  t h e  a n t e r i o r  
b l o o d  s i n u s e s  o f  t h e  s n a i l ;  m o th e r  s p o r o c y s t  germ c e l l s  p ro d u c e  a g e n e r  
a t i o n  o f  d a u g h t e r  s p o r o c y s t s  which m i g r a t e  t o  t h e  s n a i l  d i g e s t i v e  g l a n d  
d a u g h t e r  s p o r o c y s t  germ c e l l s  g i v e  r i s e  t o  f r e e  swimming c e r c a r i a e  as  
e a r l y  a s  61 days  p o s t e x p o s u r e  t o  m i r a c i d i a ;  c e r c a r i a e  must  p e n e t r a t e  
t a d p o l e s  w i t h i n  48 h r  o r  d i e  and t h o s e  t h a t  a r e  s u c c e s s f u l  metamorphose  
t o  t h e  m e s o c e r c a r i a l  s t a g e  w i t h i n  14 d a y s ;  m e s o c e r c a r i a e  i n  t a d p o l e s  
t h a t  a r e  consumed by a p a r a t e n i c  h o s t  r e m a in  m e s o c e r c a r i a e , b u t  i f  
consumed by a d e f i n i t i v e  h o s t  t h e y  b e g i n  a complex 15-day m i g r a t i o n  
i n v o l v i n g  b o t h  d i r e c t  and c i r c u l a t o r y  pa thways  t o  t h e  l u n g s  where  t h e y  
metamorphose  t o  d i p l o s t o m u l a  and t h e n  a r e t u r n  t r i p  t o  t h e  s m a l l  i n t e s ­
t i n e  v i a  t h e  b r o n c h i ,  t r a c h e a ,  and e s o p h a g u s  where  t h e y  m a t u re  t o  t h e  
a d u l t .  E l e c t r o n  m i c r o s c o p i c a l  s t u d i e s  on t h e s e  s t a g e s  s u g g e s t  t h a t  
t h e  m i g r a t i o n  f rom t h e  l u n g s  t o  t h e  s m a l l  i n t e s t i n e  i s  o r c h e s t r a t e d  
by t h e  h o s t ' s  d e f e n s e  mechanisms r a t h e r  t h a n  an a c t i v e  m i g r a t i o n  on 
t h e  p a r t  o f  t h e  p a r a s i t e .  Transmammary i n f e c t i o n  w i t h  m e s o c e r c a r i a e
i s  d e s c r i b e d  e x p e r i m e n t a l l y  in  m i c e ,  d o m e s t i c  c a t s ,  and r a c c o o n s .  
M e s o c e r c a r i a e  a r e  d i v e r t e d  from t h e i r  no rmal  pathway t o  t h e  mammary 
g l a n d  o n l y  d u r i n g  l a c t a t i o n ,  t h e r e b y  i m p ly in g  a horm ona l  s t i m u l u s .
No p r e n a t a l  i n f e c t i o n  o c c u r s .  Three  d i s t i n c t  p a t t e r n s  o f  m e s o c e r -  
c a r i a l  b e h a v i o r  in  l a c t a t i n g  mammals a r e  p r e s e n t e d :  ( l )  i n  e u p a r a -
t e n i c  h o s t s  t h e  m e s o c e r c a r i a e  r e m a in  u n d i f f e r e n t i a t e d  i n  b o t h  t h e  
p a r e n t  and o f f s p r i n g ;  (2 )  i n  a m p h i p a r a t e n i c  h o s t s  t h e  m e s o c e r c a r i a e  
r em a in  u n d i f f e r e n t i a t e d  i n  t h e  p a r e n t ,  b u t  t h e y  m a t u r e  t o  a d u l t s  
when t r a n s m i t t e d  t o  t h e  o f f s p r i n g ;  and (3 )  i n  d e f i n i t i v e  h o s t s  b o t h  
t h e  p a r e n t  and o f f s p r i n g  p o s s e s s  t h e  p h y s i o l o g i c a l  r e q u i r e m e n t s  f o r  
deve lopm ent  o f  t h e  m e s o c e r c a r i a e  t o  a d u l t  worms.
v
C h a p t e r  I
The L i f e  Cycle  o f  A l a r i a  m a r c i a n a e
1
INTRODUCTION
To d a t e ,  t h e r e  e x i s t s  a number o f  l i f e  h i s t o r y  s t u d i e s  on members 
o f  t h e  genus  A l a r i a  and t h e y  a r e  among t h e  most  complex w i t h i n  t h e  
Trema toda  (Bosma, 1934; O d laug ,  1940; P o t e k h i n a ,  1950; P e a r s o n ,  1956; 
J o h n s o n ,  1968; 1979) .  The l i f e  c y c l e s  r e p o r t e d  h e r e t o f o r e  c o n s i s t  o f :  
an a d u l t  r e s i d i n g  in  t h e  s m a l l  i n t e s t i n e  o f  a c a r n i v o r e ;  a d e f e c a t e d  
egg em b ry o n a t in g  in  w a t e r ;  a m i r a c i d i u m  p e n e t r a t i n g  a p l a n o r b i d  s n a i l  
w i t h  s u b s e q u e n t  s p o r o c y s t  g e n e r a t i o n ;  f r ee -s w imming  f u r c o c e r c o u s  c e r ­
c a r i a e  p e n e t r a t i n g  l a r v a l  a m p h i b i a n s ;  p a r a t e n i c  r e s i d e n c e  in  a wide 
s p e c t r u m  o f  a m p h i b i a n ,  r e p t i l i a n ,  and mammalian h o s t s ;  and i n g e s t i o n  
o f  t h e  i n t e r m e d i a t e  o r  p a r a t e n i c  h o s t  w i t h  a s o m a t i c  m i g r a t i o n  and 
d ev e lo pm e n t  o f  m e s o c e r c a r i a e ,  d i p l o s t o m u l a ,  and a d u l t s  w i t h i n  th e  
d e f i n i t i v e  h o s t s .
Not  o n l y  do l i f e  c y c l e  d a t a  e s t a b l i s h  t h e  e c o l o g y  o f  t h e  p a r a ­
s i t e  and p l a c e  i n  p e r s p e c t i v e  i t s  e v o l u t i o n a r y  b i o l o g y ,  b u t  t h e y  a l s o  
a r e  t h e  fu n d a m e n ta l  i n f o r m a t i o n  u s ed  by e p i d e m i o l o g i s t  when r e c o n s t r u c ­
t i n g  t h e  o r i g i n  o f  human i n f e c t i o n .  W i t h i n  t h e  l a s t  d e c a d e ,  members 
o f  t h e  genus  A l a r i a  h ave  been  r e c o g n i z e d  as  s i g n i f i c a n t  human h e a l t h  
h a z a r d s  (.Shea e_t a l ^ . , 1973; Freeman e t  a l . ,  1976; B eav e r  a l _ . , 1977) .  
However ,  t h e  a v a i l a b l e  l i f e  c y c l e  d a t a  n e i t h e r  p r e d i c t e d  n o r  were 
a d e q u a t e  f o r  e x p l a i n i n g  t h e  e t i o l o g y  o f  human i n f e c t i o n .  T h i s  i n a d ­
e q u a c y  was most  a p p a r e n t  i n  an a u t o c h t h o n o u s  i n f e c t i o n  in  L o u i s i a n a  
i n  which t h e  s o u r c e  t r a c e d  by e p i d e m i o l o g i s t s  (B ea ve r  e_t a J . ,  1977) 
h ad  b ee n  r e p o r t e d  p r e v i o u s l y  t o  be  an u n s u i t a b l e  h o s t  ( P e a r s o n ,  1956; 
J o h n s o n ,  1968) .  Shoop and Corkum (1981)  i n v e s t i g a t e d  t h e  e p i d e m i o l o g y  
o f  t h a t  i n f e c t i o n  and i d e n t i f i e d  t h e  i n f e c t i o u s  a g e n t  as  A l a r i a  m a r -
2
c i a n a e  and c o n f i r m e d  t h e  s o u r c e  o f  i n f e c t i o n  s u g g e s t e d  by Beaver  e t  
a l . ,  ( 1 9 7 7 ) .
A l s o  n o t e d  i n  t h e  r e p o r t  by  Shoop and Corkum (1981)  was the  
p o s s i b i l i t y  o f  m a t e r n a l  t r a n s m i s s i o n .  M e s o c e r c a r i a e  were  l o c a t e d  in  
t h e  s u b c u t a n e o u s  f a t  o f  mammalian p a r a t e n i c  h o s t s ,  b u t  a marked p r e f e r ­
ence  f o r  t h e  mammary g l a n d s  was o b s e r v e d  i n  l a c t a t i n g  f e m a l e s .  Not 
o n ly  h a d  m a t e r n a l  t r a n s m i s s i o n  n o t  b een  s u g g e s t e d  in  any p r i o r  s t u d i e s  
on A l a r i a  m a r c i a n a e , b u t  n e i t h e r  h ad  i t  bee n  d e t e r m i n e d  e x p e r i m e n t a l l y  
f o r  any o t h e r  t r e m a t o d e .
I n  l i g h t  o f  t h e s e  new f i n d i n g s  i t  was d e c i d e d  t o  r e i n v e s t i g a t e  
t h e  l i f e  c y c l e  o f  A l a r i a  m a r c i a n a e  as  i t  o c c u r s  i n  t h e  swamps of  
L o u i s i a n a .  I n  t h i s  c h a p t e r ,  t h e  b a s i c  l i f e  c y c l e  o f  A. m a r c i a n a e  
i s  i n v e s t i g a t e d  e x p e r i m e n t a l l y  and v e r i f i e d  w i t h  f i e l d  d a t a .  In  
C h a p t e r  2 ,  a new mode o f  t r a n s m i s s i o n  i s  d e s c r i b e d  t h a t  chang es  t h e  
way we v i e w  t h e  A. m a r c i a n a e  l i f e  c y c l e  and adds  a s i g n i f i c a n t  
new d im en s io n  t o  o u r  u n d e r s t a n d i n g  o f  t r e m a t o d e  l i f e  c y c l e s  in  
g e n e r a l .  In  t h e  t h i r d  c h a p t e r ,  t h e  u n i q u e  s o m a t i c  m i g r a t i o n  w i t h i n  
a mammalian h o s t  i s  documented c h r o n o l o g i c a l l y  and a n a t o m i c a l l y .  The 
f i n a l  c h a p t e r  c o n c e r n s  t h e  m o r p h o l o g i c a l  t r a n s f o r m a t i o n s  t h a t  A. mar­
c i a n a e  u n d e r g o e s  d u r i n g  i t s  m i g r a t i o n  i n  a mammalian h o s t  and p r e s e n t s  
new t h o u g h t s  on i t s  e v o l u t i o n .
MATERIALS AND METHODS
E x p e r i m e n t a l  l i f e  c y c l e  s t u d i e s  began w i t h  t h e  c o l l e c t i o n  of  
m e s o c e r c a r i a e  from w a t e r  m o c c a s i n s ,  A g k i s t r o d o n  p i s c i v o r u s . These 
l a r v a e  were  f e d  t o  l a b o r a t o r y - r e a r e d  c a t s  and r a c c o o n s .  The h o s t s  
were  n e c r o p s i e d  when eggs  b eg an  t o  a p p e a r  i n  t h e i r  f e c e s .  D i p l o s t o m u -  
l a  from t h e  l u n g s  and a d u l t s  from t h e  s m a l l  i n t e s t i n e  were  r e c o v e r e d .  
Eggs from t h e  f e c e s  we re  i n c u b a t e d  i n  t a p  w a t e r  a t  room t e m p e r a t u r e .  
When m i r a c i d i a  h a t c h e d ,  e ach  was p l a c e d  s i n g l y  w i t h  a s n a i l  i n  20 ml 
o f  t a p  w a t e r  f o r  24 h r  and t h e n  t r a n s f e r r e d  t o  100 ml c o n t a i n e r s .
S n a i l s  o f  H e l i so m a  t r i v o l v i s , Physa  g y r i n a , and V i v i p a r u s  i n t e r t e x t u s , 
c o l l e c t e d  from l o c a l i t i e s  p r e v i o u s l y  d e t e r m i n e d  n o t  t o  h av e  A l a r i a  
m a r c i a n a e  i n f e c t i o n ,  we re  u s e d  i n  t h e  e x p e r i m e n t a l  i n f e c t i o n s .  A f t e r  
e x p o s u r e  t o  m i r a c i d i a ,  t h e  s n a i l s  were  exa mine d  d a i l y  f o r  t h e  emergence 
o f  c e r c a r i a e .  When c e r c a r i a e  b eg a n  t o  a p p e a r ,  c o l o n i e s  o f  l a b o r a t o r y -  
r e a r e d  t a d p o l e s  o f  Rana c a t e s b i a n a , R. c l a m i t a n s , and R. u t r i c u l a r i a  
were ex p o s e d  t o  i n f e c t e d  s n a i l s  f o r  a 2 4 - h r  p e r i o d .  F i v e  t a d p o l e s  
of  each s p e c i e s  we re  exa mined  w e ek ly  u n t i l  f u l l y  d e v e l o p e d  m e s o c e r ­
c a r i a e  we re  f o u n d .  A l l  s t a g e s  we re  f i x e d  i n  s t e a m i n g  10% f o r m a l i n .  
Measurement s  a r e  i n  m i c r o m e t e r s  u n l e s s  i n d i c a t e d  o t h e r w i s e ;  r a n g e s  
in  p a r e n t h e s e s .
The l i f e - c y c l e  s t a g e s  o c c u r r i n g  n a t u r a l l y  were  m o n i t o r e d  by 
c o n t i n u o u s  c o l l e c t i o n  a t  Head o f  I s l a n d ,  L o u i s i a n a ,  from 1978 t o  1983. 
The f o l l o w i n g  s n a i l s  we re  exa mine d as  p o t e n t i a l  f i r s t  i n t e r m e d i a t e  
h o s t s : 126 H e l i s o m a  t r i v o l v i s ; 200 Physa  g y r i n a ; 200 P s e u d o s u c c i n e a
c o l u m e l l a ;  87 V i v i p a r u s  i n t e r t e x t u s ; 12 P ro m en e tu s  e x a c u o u s ; 30 L a e v a -
l e x  f u s c u s ; 30 F e r r i s i a  f r a g i l i s ; and 30 H e b e t a n c y l u s  e x c e n t r i c u s .
5S n a i l s  were  b r o u g h t  t o  t h e  l a b o r a t o r y ,  i s o l a t e d  s i n g l y  i n  100 ml co n ­
t a i n e r s ,  and examined d a i l y  f o r  t h e  em ergence o f  c e r c a r i a e .  I f  emer­
g e n t  c e r c a r i a e  were s i m i l a r  t o  t h o s e  o f  A l a r i a  m a r c i a n a e , t h e y  were 
p l a c e d  w i t h  u n i n f e c t e d  t a d p o l e s ,  r e a r e d  t o  t h e  n e x t  s t a g e ,  and i d e n t i ­
f i e d .  I f  s n a i l s  e x h i b i t e d  no c e r c a r i a l  emergence a f t e r  a  two-week 
p e r i o d ,  t h e y  were c r u s h e d  and examined f o r  s p o r o c y s t s .
The f o l l o w i n g  a m p h ib i an s  were  c o l l e c t e d  and examined f o r  meso­
c e r c a r i a e :  23 Rana c a t e s b i a n a ; 170 R. c l a m i t a n s ; 22 R. u t r i c u l a r i a ;
30 H y la  c i n e r e a ; 6 G a s t r o p h r y n e  c a r o l i n e n s i s ; and 3 N o to p h th a lm u s  
v i r i d e s c e n s . M e s o c e r c a r i a e  c o l l e c t e d  from t h e  h o s t s  we re  f e d  t o  
l a b o r a t o r y  c a t s ,  r e a r e d  t o  a d u l t h o o d ,  and i d e n t i f i e d .
A l i s t  o f  p a r a t e n i c  h o s t s  from Head o f  I s l a n d ,  L o u i s i a n a  has  
been p u b l i s h e d  by Shoop and Corkum ( 1 9 8 1 ) .
Through t h e  e f f o r t s  o f  t h e  w r i t e r  a s  w e l l  a s  o t h e r s ,  t h e  f o l l o w ­
ing mammals were  t r a p p e d  and exa mine d  f o r  d i p l o s t o m u l a  and a d u l t  
worms: 85 r a c c o o n s ,  P rocyon l o t o r ; 43  m i n k s ,  M u s t e l a  v i s o n ; 11 r i v e r  
o t t e r s ,  L u t r a  c a n a d e n s i s ; 37 opossums,  D i d e l p h i s  v i r g i n i a n a ; 5 musk­
r a t s ,  O n d a t r a  z i b e t h i c a ; 4 b o b c a t s ,  Lynx r u f u s ; 3 r e d  f o x e s ,  V ulpes  
f u l v a ;  1 g r a y  f o x ,  Urocyon c i n e r e o a r g e n t e u s ; and 1 s t r i p e d  sk u n k ,  
M e p h i t i s  m e p h i t i s .
RESULTS
F i r s t  I n t e r m e d i a t e  H os t
M i r a c i d i a  p l a c e d  w i t h  s n a i l s  o f  H e l i so m a  t r i v o l v i s  became v e r y  
a c t i v e  and were o b s e r v e d  t o  p e n e t r a t e  t h e  m a n t l e  r e g i o n  o f  t h e  f o o t .
In  a l l  H. t r i v o l v i s , p e n e t r a t i o n  to o k  p l a c e  w i t h i n  30 min p o s t e x p o s u r e .  
M i r a c i d i a  showed no h y p e r a c t i v i t y  i n  t h e  p r e s e n c e  o f  Physa  g y r i n a  or 
V iv a p a r u s  i n t e r t e x t u s  and no p e n e t r a t i o n  was o b s e r v e d  in  e i t h e r  s p e c i e s  
o f  s n a i l  even a f t e r  a 24 h r  p e r i o d .
C e r c a r i a e  we re  f i r s t  o b s e r v e d  a t  day 6 1 i n  H e l i s o m a  t r i v o l v i s  
and a l l  o f  t h e s e  s n a i l s  d e m o n s t r a t e d  c e r c a r i a l  emergence  by 78 d a y s .
No c e r c a r i a l  em ergence was n o t e d  i n  e i t h e r  P hy sa  g y r i n a  o r  V i v i p a r u s  
i n t e r t e x t u s , and when n e c r o p s i e d  a f t e r  150 days  t h e y  were  n e g a t i v e  f o r  
s p o r o c y s t s .
I n f e c t e d  H e l i s o m a  t r i v o l v i s  s h ed  c e r c a r i a e  f o r  more t h a n  one 
y e a r .  As s n a i l s  d i e d ,  t h e y  we re  i m m e d ia t e l y  examined  f o r  s p o r o c y s t s .  
D a u g h te r  s p o r o c y s t s  w i t h  c e r c a r i a e  were  r e c o v e r e d  from a l l  H. t r i v o l ­
v i s  , b u t  o n l y  in  two s n a i l s  were  m o th e r  s p o r o c y s t s  w i t h  d a u g h t e r  
s p o r o c y s t s  o b s e r v e d .
Of t h e  s n a i l s  c o l l e c t e d  from Head o f  I s l a n d ,  L o u i s i a n a ,  o n l y  two 
spec im ens  o f  H e l i s o m a  t r i v o l v i s  s h e d  A l a r i a  m a r c i a n a e  c e r c a r i a e .
These  c e r c a r i a e  we re  m o r p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  from t h o s e  
in  e x p e r i m e n t a l  i n f e c t i o n s .  When t h e s e  s n a i l s  were  n e c r o p s i e d ,  daugh­
t e r  s p o r o c y s t s  were  r e c o v e r e d  and t h e y  were a l s o  m o r p h o l o g i c a l l y  
i n d i s t i n g u i s h a b l e  from t h o s e  in  e x p e r i m e n t a l  i n f e c t i o n s .
Second I n t e r m e d i a t e  H o s t s
T ad p o le s  o f  a l l  t h r e e  s p e c i e s  o f  Rana became i n f e c t e d  w i t h  meso-
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7c e r c a r i a e  a f t e r  e x p e r i m e n t a l  e x p o s u r e  t o  c e r c a r i a e .  However ,  o f  th e  
20 II. c l a m i t a n s  ex a m in e d ,  no t a d p o l e  was found t o  have more t h a n  two 
m e s o c e r c a r i a e  even thou gh  each was ex p o sed  t o  s e v e r a l  h u n d r e d  c e r ­
c a r i a e .  In  20 II. u t r i c u l a r i a  t a d p o l e s ,  no  more t h a n  10 m e s o c e r c a r i a e  
were o b s e r v e d  in  a s i n g l e  t a d p o l e  and in  20 R. c a t e s b i a n a , a  mean o f  
110 ( 9 1 - 1 5 0 )  m e s o c e r c a r i a e  were  r e c o v e r e d  from e ach  t a d p o l e .  F u l l y  
d ev e lo p e d  m e s o c e r c a r i a e  were r e c o v e r e d  from R. c a t e s b i a n a  and R. u t r i ­
c u l a r  i a  t a d p o l e s  w i t h i n  two w eeks ,  w he re as  i n  R. c l a m i t a n s  t h i s  s t a g e  
was n o t  f u l l y  d e v e lo p e d  u n t i l  t h e  f o u r t h  week.  A l l  m e s o c e r c a r i a e  
r e c o v e r e d  from t a d p o l e s  were u n e n c y s t e d  and l o c a t e d  i n  t h e  m u s c l e s  o f  
t h e  m y l o h y o id ,  s t e r n u m ,  and t a i l  r e g i o n s .
Twenty r e c e n t l y  m etam orpho sed f r o g s  o f  R. c a t e s b i a n a  t h a t  were  
ex p o sed  t o  c e r c a r i a e  n e v e r  became i n f e c t e d .
The f o l l o w i n g  a d u l t  a m p h ib i an s  were  found n a t u r a l l y  i n f e c t e d  w i t h  
m e s o c e r c a r i a e  o f  A l a r i a  m a r c i a n a e  (.mean number o f  m e s o c e r c a r i a e  r e c o v ­
e r e d  i s  i n  p a r e n t h e s e s ) :  20 o f  23 Rana c a t e s b i a n a  (58 )  ; 33 o f  170
R. c l a m i t a n s  ( 3 ) ;  7 o f  22 R.. u t r i c u l a r i a  ( 5 ) ;  16 o f  30 H y la  c i n e r e a  
( 5 ) ;  1 o f  6 G a s t r o p h r y n e  c a r o l i n e n s i s  ( 1 ) ;  and 0 o f  3 N o t o p h th a lm u s  
v i r i d e s c e n s .  M e s o c e r c a r i a e  r e c o v e r e d  from t h e s e  n a t u r a l  i n f e c t i o n s  
were  m o r p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  from t h o s e  in  e x p e r i m e n t a l  
i n f e c t i o n s .  The m e s o c e r c a r i a e  were u n e n c y s t e d  and were  r e c o v e r e d  from 
th e  m u s c l e s  o f  t h e  m y l o h y o id ,  s t e r n u m ,  and h i n d l e g s .
P a r a t e n i c  H o s t s
A l i s t  o f  p a r a t e n i c  h o s t s  b o t h  n a t u r a l  and e x p e r i m e n t a l  from Head
o f  I s l a n d ,  L o u i s i a n a ,  h a s  been  p u b l i s h e d  by Shoop and C.orkum ( 1 9 8 1 ) .
In  e x p e r i m e n t a l  i n f e c t i o n s  e v e r y  a m p h i b i a n ,  r e p t i l i a n ,  and mammalian 
h o s t  t h a t  was i n o c u l a t e d  w i t h  m e s o c e r c a r i a e  became i n f e c t e d .  Those
s p e c i e s  found n a t u r a l l y  i n f e c t e d  i n c l u d e :  82 o f  85 A g k i s t r o d o n  p i s -
c i v o r u s ; 48 o f  52 N e r o d i a  c y c l o p i o n ; 4 o f  4 N. e r y t h r o g a s t e r ; 4 1 o f  4 1 
N. f a s c i a t a ; 3 o f  7 N. r h o m b i f e r a ; 12 o f  17 Thamnophis  p r o x i m u s ; 2 o f  2 
C o lu b e r  c o n s t r i c t o r ; 3 o f  3 L a m p r o p e l tu s  g e t u l u s ; 6 o f  10 D i d e l p h i s  
v i r g i n i a n a ; and 3 o f  5 P rocyon  l o t o r .
I t  i s  n o t e w o r t h y  t h a t ,  i n  t h e  l a b o r a t o r y ,  b u l l f r o g s  were  o b s e r v e d  
t o  c a n n i b a l i z e  s m a l l  f r o g s  and co u ld  p o s s i b l y  s e r v e  a s  p a r a t e n i c  h o s t s .
M e s o c e r c a r i a e  r e c o v e r e d  f rom r e p t i l e s  were found i n  most  o r g a n s ,  
b u t  l a r g e  c o n c e n t r a t i o n s  were  found i n  t h e  f a t  b o d i e s .  M e s o c e r c a r i a e  
from mammals were  foun d i n  t h e  l u n g s ,  s u b c u t a n e o u s  f a t ,  and mammary 
g l a n d s .
D e f i n i t i v e  H o s t s
T h i r t e e n  l a b o r a t o r y  c a t s ,  two j u v e n i l e  r a c c o o n s ,  and two a d u l t  
r a c c o o n s  were f e d  m e s o c e r c a r i a e .  A l l  o f  t h e  l a b o r a t o r y  c a t s  and b o t h  
j u v e n i l e  r a c c o o n s  became i n f e c t e d .  Eggs a p p e a r e d  i n  t h e i r  f e c e s  
between  19-20 days  p o s t e x p o s u r e .  When t h e  c a t s  and j u v e n i l e  r a c c o o n s  
were n e c r o p s i e d  a f t e r  20 d a y s ,  d i p l o s t o m u l a  were found w i t h i n  t h e  
a l v e o l i  o f  t h e  l u n g s  and m a tu r e  a d u l t s  were r e c o v e r e d  f rom t h e  
duodenum.
The two a d u l t  r a c c o o n s  t h a t  d i d  n o t  shed eggs  were n e c r o p s i e d  a f t e r  
t h i r t y  d a y s .  I t  was found t h a t  t h e  m e s o c e r c a r i a e  had m i g r a t e d  to  the  
s u b c u t a n e o u s  f a t  and r e m a in ed  u n d i f f e r e n t i a t e d .  No d i p l o s t o m u l a  o r  
a d u l t  worms were  p r e s e n t .
Eggs r e c o v e r e d  f rom t h e  f e c e s  o f  e x p e r i m e n t a l l y  i n f e c t e d  h o s t s  
were i n c u b a t e d  i n  t a p  w a t e r  a t  room t e m p e r a t u r e .  When exposed  to  
s t r o n g  l i g h t ,  m i r a c i d i a  r u p t u r e d  t h e  o p e r c u l a r  membrane o f  t h e  egg 
as  e a r l y  as  20 days  p o s t  i n c u b a t i o n .
9In  n a t u r a l  i n f e c t i o n s ,  a l l  b o b c a t s  examined were i n f e c t e d  w i t h  
A l a r i a  m a r c i a n a e  d i p l o s t o m u l a  i n  th e  l u n g s  and a d u l t  A. m a r c i a n a e  in  
t h e  duodenum. These  s t a g e s  were  m o r p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  
from t h o s e  i n  e x p e r i m e n t a l  i n f e c t i o n s .  Of 81 a d u l t  and f o u r  j u v e n i l e  
r a c c o o n s  examined ,  none o f  t h e  a d u l t s  and o n l y  two o f  t h e  j u v e n i l e s  
were found to  be i n f e c t e d  w i t h  d i p l o s t o m u l a  and a d u l t  worms. T h i s  
c o r r o b o r a t e s  t h e  e x p e r i m e n t a l  r e s u l t s  i n  which  worms were found  to  
m at u re  i n  j u v e n i l e ,  b u t  n o t  i n  a d u l t  r a c c o o n s .
D e s c r i p t i o n  o f  S t a g e s
M i ra c id i u m  ( F i g .  1)
Eggs i n c u b a t e d  f o r  20 d ays  r u p t u r e d  t o  g i v e  r i s e  t o  t h e  ephem­
e r a l ,  f r ee -s w im m ing  m i r a c i d i u m .  No m i r a c i d i u m  s u r v i v e d  beyond a 2 4 - h r  
p e r i o d  i f  i t  had n o t  p e n e t r a t e d  a s u i t a b l e  s n a i l  h o s t .
D e s c r i p t i o n  ( b a s e d  on t e n  f i x e d  s p e c i m e n s ) :  The body i s  e l o n g a t e ,
b r o a d l y  ro un de d  a n t e r i o r l y ,  and t a p e r e d  p o s t e r i o r l y .  I t  m e a s u r e s  
162 (1 49 - 1 8 3 )  lo n g  by 42 ( 3 5 - 5 0 )  w i d e .  The body i s  co v e re d  w i t h  c i l i a  
and p o s s e s s e s  two p r o m i n e n t  e y e s p o t s .  An a p i c a l  p a p i l l a  i s  l o c a t e d  
on t h e  a n t e r i o r  t i p  o f  t h e  body .  Im m e d i a t e l y  p o s t e r i o r  t o  t h e  a p i c a l  
p a p i l l a  i s  a  s a c l i k e  s t r u c t u r e ,  t h e  a p i c a l  g l a n d ,  which p r e s u m a b ly  
a i d s  i n  p e n e t r a t i o n  o f  t h e  s n a i l .  P a i r e d  l a t e r a l  p r o c e s s e s  p r o t r u d e  
from t h e  body w a l l  a t  t h e  l e v e l  o f  t h e  p o s t e r i o r m o s t  e x t e n t  o f  t h e  
a p i c a l  g l a n d .  I m m e d i a t e l y  p o s t e r i o r  t o  t h e  e y e s p o t s  i s  a mass o f  
c e l l s  t h a t  r e p r e s e n t  t h e  n e u r a l  g a n g l i o n .  I m m e d i a t e l y  p o s t e r i o r  t o  
t h e  n e u r a l  g a n g l i o n  i s  a mass o f  l a r g e  c e l l s  r e p r e s e n t i n g  t h e  g e r m i ­
n a l  c e l l s .  Two p a i r s  o f  f lame c e l l s  a r e  p r e s e n t .  The f lame c e l l  
d u c t s  empty t o  t h e  o u t s i d e  v i a  a p o re  i n  t h e  p o s t e r i o r  t h i r d  o f  th e
LEGEND
F i g u r e s  1-7 .  S t a g e s  o f  A l a r i a  m a r c i a n a e  from L o u i s i a n a .
1. M i r a c i d i u m ,  d o r s a l  v i e w .  2 .  Mother  s p o r o c y s t  w i t h  d e v e l o p i n g  
d a u g h t e r  s p o r o c y s t s .  3 .  D a u g h te r  s p o r o c y s t  w i t h  d e v e l o p i n g  
c e r c a r i a e .  4 .  C e r c a r i a ,  v e n t r a l  v i e w .  5 .  M e s o c e r c a r i a , v e n t r a l  
v i e w .  6 .  D ip lo s to m u lu m ,  v e n t r a l  v i e w .  7 .  A d u l t ,  v e n t r a l  v i ew .  
S c a l e s  a r e  i n  m i c r o m e t e r s .
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body .  At t h e  p o s t e r i o r  e n d ,  a g l a n d u l a r  s a c l i k e  s t r u c t u r e ,  r e s e m b l i n g  
t h e  a p i c a l  g l a n d ,  e m p t i e s  t e r m i n a l l y .
Mother  S p o r o c y s t  ( F i g .  2)
Only  two m othe r  s p o r o c y s t s  were r e c o v e r e d  from e x p e r i m e n t a l l y  
i n f e c t e d  He l i som a  t r i v o l v i s . Both  were r e c o v e r e d  from t h e  a n t e r i o r  
b l o o d  s i n u s e s  o f  t h e  s n a i l s ,  one on day 81 and t h e  o t h e r  on day 103 
p o s t e x p o s u r e  t o  m i r a c i d i a .
D e s c r i p t i o n  ( b a s e d  on two f i x e d  s p e c i m e n s ) :  The m o th e r  s p o r o ­
c y s t  i s  u n b r a n c h e d ,  e l o n g a t e ,  t u b u l a r ,  and 3 . 8 - 4 . 7  mm lo n g  by 0 . 0 5 -  
0 . 2  mm w i d e .  D a u g h te r  s p o r o c y s t s  and g e r m i n a l  c e l l s  a r e  p r e s e n t  
i n s i d e  t h e  m o the r  s p o r o c y s t .
D a u g h te r  S p o r o c y s t  ( F i g .  3)
Hundreds  o f  d a u g h t e r  s p o r o c y s t s  d e v e l o p e d  i n  t h e  d i g e s t i v e  g l a n d  
o f  a l l  e x p e r i m e n t a l l y  i n f e c t e d  H e l i so m a  t r i v o l v i s .
D e s c r i p t i o n  ( b a s e d  on t e n  f i x e d  s p e c i m e n s ) :  The d a u g h t e r  s p o r o ­
c y s t  i s  u n b r a n c h e d ,  e l o n g a t e ,  t u b u l a r ,  and t h r e a d l i k e .  I t  m easu re s  
1.3 ( 1 . 1 - 1 . 6 )  mm lo n g  by  45 ( 4 0 - 5 5 )  w i d e .  The b i r t h  p o r e  i s  p r e s e n t  
n e a r  t h e  a n t e r i o r  e n d .  V a r i o u s  s t a g e s  from g e r m i n a l  c e l l s  t o  f u l l y  
d e v e lo p e d  c e r c a r i a e  a r e  p r e s e n t  i n s i d e  t h e  d a u g h t e r  s p o r o c y s t s .  
C e r c a r i a  ( F i g .  4)
Emergen t  c e r c a r i a e  from He l i som a  t r i v o l v i s  swam t o  t h e  t o p  o f  
t h e  w a t e r  column,  t u r n e d  u p s i d e  down, and p a r a c h u t e d  t o  t h e  b o t to m  
o f  t h e  c o n t a i n e r .  T h e i r  d e s c e n t  was s o  s low  t h a t  a t  t i m e s  t h e y  
a p p e a r e d  s u s p e n d e d  i n  t h e  w a t e r .  When a t a d p o l e  was in  t h e  v i c i n i t y ,  
t h e y  swam e x c i t e d l y  and a t t a c h e d  t o  t h e  t a d p o l e  v i a  t h e  a c e t a b u l u m  
and o r a l  s u c k e r .  The c e r c a r i a  i s  s h o r t - l i v e d ;  more t h a n  h a l f  o f  t h o s e
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t h a t  d i d  n o t  a t t a c h  t o  a t a d p o l e  d i e d  w i t h i n  24 h r  and a l l  were  dead 
by 48 h r .
D e s c r i p t i o n  ( b a s e d  on t e n  f i x e d  s p e c i m e n s ) :  The c e r c a r i a  i s
f u r c o c e r c o u s , l o n g i f u r c o u s , d i s t o m a t e ,  and p h a r y n g e a t e .  The body 
m eas u r e s  140 (1 2 0 - 1 6 0 )  lo n g  by 27 ( 2 5 - 3 0 )  w id e ;  t h e  t a i l  s t em  155 (1 5 0 -  
160) lo n g  by 25 ( 2 0 - 3 0 )  w id e ;  t h e  f u r c a  150 ( 1 4 5 - 1 6 0 )  l o n g ;  t h e  o r a l  
s u c k e r  26 ( 2 4 - 2 7 )  l o n g  by 20 (1 9 - 2 2 )  w i d e ;  t h e  pha rynx  10 ( 9 - 1 1 )  in  
d i a m e t e r ;  and t h e  a c e t a b u l u m  20 ( 1 9 - 2 2 )  i n  d i a m e t e r .
The o r a l  hood i s  c o v e r e d  w i t h  rows o f  s m a l l  s p i n e s .  The s p i n e s
a r e  l e s s  d e n s e l y  d i s t r i b u t e d  p o s t e r i o r l y ,  b u t  c o v e r  t h e  e n t i r e  v e n t e r  
w i t h  t h e  e x c e p t i o n  o f  a r e a s  a n t e r i o r  and  p o s t e r i o r  t o  t h e  a c e t a b u l u m .
Three  t o  f o u r  rows o f  s p i n e s  a r e  p r e s e n t  on t h e  a c e t a b u l u m .  A p a i r  
o f  u n p ig m e n ted  e y e s p o t s  o c c u r s  l a t e r a l l y ,  midway b e tw e en  t h e  o r a l  
s u c k e r  and t h e  a c e t a b u l u m .  Two p a i r s  o f  p e n e t r a t i o n  g l a n d s  a r e  p r e s e n t ,  
l o c a t e d  j u s t  a n t e r i o r  t o  t h e  a c e t a b u l u m ;  t h e i r  d u c t s  empty i n t o  t h e  
o r a l  s u c k e r .  A s p h e r i c a l  mass o f  c e l l s  r e p r e s e n t i n g  t h e  g e n i t a l  
p r i m ord ium  i s  l o c a t e d  b e tw e en  t h e  a c e t a b u l u m  and t h e  p o s t e r i o r  end 
o f  t h e  b o d y .  The f lame c e l l  fo r m u la  i s  2 £(2+2+2) + (2+2)  + (2)J . A p a i r
o f  s e n s o r y  h a i r s  i s  l o c a t e d  on t h e  m a r g i n s  o f  t h e  body in  t h e  p o s t e r i o r
f o u r t h  o f  t h e  worm. Numerous h a i r l i k e  e x t e n s i o n s  o f  t h e  t egum en t  
e x t e n d  l a t e r a l l y  on t h e  t a i l  s t em .
M e s o c e r c a r i a  ( F i g .  5)
A l l  m e s o c e r c a r i a e  removed from t h e  v a r i o u s  h o s t  s p e c i e s  were  
i n d i s t i n g u i s h a b l e  from one a n o t h e r .
D e s c r i p t i o n  ( b a s e d  on t e n  f i x e d  s p e c i m e n s ) :  The body a p p e a r s  
t o  be an e n l a r g e d  c e r c a r i a  and m e a s u r e s  432 ( 3 8 0 - 5 2 5 )  l ong  by 173 
(1 5 0 - 1 9 5 )  w i d e .  The o r a l  s u c k e r  i s  79 ( 6 5 - 9 9 )  l on g  by 59 (5 5 - 6 6 )
w i d e ;  t h e  p r e p h a r y n x  i s  8 ( .7-9) l o n g ;  t h e  pha rynx i s  25 (2 3 - 2 8 )  long 
by 22 ( 2 0 - 2 8 )  w i d e ;  and t h e  g e n i t a l  a n l a g e  i s  37 ( 3 3 - 4 4 )  in  d i a m e t e r .
The o r a l  s u c k e r  i s  c o v e r e d  by 14 or  15 rows o f  s i m p le  s p i n e s .  
S p in e s  e x t e n d  o n t o  and c o v e r  t h e  body e x c e p t  f o r  a r e a s  a n t e r i o r  and 
p o s t e r i o r  t o  t h e  a c e t a b u l u m .  The a c e t a b u l u m  h a s  3 o r  4 rows o f  s p i n e s .  
E y e s p o t s  a r e  a b s e n t .  The most  c o n s p i c u o u s  s t r u c t u r e s  i n  t h i s  s t a g e  
a r e  t h e  f o u r  u n i c e l l u l a r  p e n e t r a t i o n  g l a n d s  l o c a t e d  a n t e r i o r  and 
l a t e r a l  t o  t h e  a c e t a b u l u m .  These  g l a n d s  empty i n t o  t h e  o r a l  s u c k e r  
v i a  i n d i v i d u a l  d u c t s .  The f lame c e l l  f o r m u la  i s  2 £(2 • 6)  + (2• 6) + ( 2 - 6)J +
2 [(2 -6 ) + (2 -6 )] .
Dip los tom ulum  ( F i g .  6)
D i p l o s t o m u l a  we re  r e c o v e r e d  from t h e  lu n g s  o f  d o m e s t i c  c a t s ,  
b o b c a t s ,  and j u v e n i l e  r a c c o o n s .  They formed 1-2 mm in  d i a m e t e r ,  
f l u i d - f i l l e d  v e s i c l e s  i n  t h e  l u n g s .  Upon re mova l  from t h e s e  v e s i c l e s ,  
t h e  c e c a  o f  t h e  worms a p p e a r e d  g o l d e n  brown;  t h i s  c o l o r  r e f l e c t e d  by 
t h e  p a r t i a l l y  d i g e s t e d  r e d  b l o o d  c e l l s  on which  t h e  worms h ad  been 
f e e d i n g .
D e s c r i p t i o n  ( b a s e d  on t e n  f i x e d  s p e c i m e n s ) :  The body i s  s p a t h u -
l a t e  and 550 (4 8 0 - 6 0 0 )  l ong  by 215 ( 2 0 5 - 2 4 0 )  w id e ;  t h e  fo r e b o d y  i s  
435 ( 4 1 0 - 4 6 0 )  lo n g  by 215 ( 2 0 5 - 2 4 0 )  w i d e ;  t h e  h in d b o d y  i s  435 (4 1 0 —
460) lo n g  by  215 ( 2 0 5 - 2 4 0 )  w i d e ;  t h e  o r a l  s u c k e r  i s  55 (5 0 - 6  1) long 
by 60 ( 5 5 - 6 3 )  wide  and s u r r o u n d e d  on e i t h e r  s i d e  by e a r l i k e  l a p p e t s ;  
t h e  p r e p h a r y n x  i s  10 ( 6 - 1 2 )  l o n g ;  t h e  p h a ry n x  i s  45 ( 4 1 - 4 8 )  lo n g  by 
38 ( 3 3 - 4 0 )  w i d e ;  t h e  p a i r e d  c e c a  a r e  365 ( 3 3 0 - 3 8 0 )  lo n g  by 35 ( 2 6 -  
40)  w i d e ;  t h e  a c e t a b u l u m  i s  63 ( 5 4 - 6 9 )  l o n g  by 61 ( 5 9 - 6 7 )  w i d e ;  and 
t h e  t r i b o c y t i c  o r g a n  i s  120 (1 1 4 -1 3 2 )  l o n g  by 71 ( 5 0 - 9 9 )  w i d e .
The e n t i r e  f o r e b o d y  i s  c o v e r e d  w i t h  a dense  a r r a y  o f  s p i n e s ;  t h e
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h in d b o d y  i s  d ev o id  o f  s p i n e s .  Four  u n i c e l l u l a r  p e n e t r a t i o n  g l a n d s  
a r e  p r e s e n t  in  a l l  s t a g e s  o f  d e g e n e r a t i o n .  The d u c t s  t o  t h e  o r a l  
s u c k e r  a r e  t h e  f i r s t  t o  be a b s o r b e d ,  t h e n  t h e  g l a n d s  a t r o p h y ,  and 
e v e n t u a l l y  a l l  e v i d e n c e  o f  t h e s e  s t r u c t u r e s  i s  l o s t .  The g e n i t a l  
p r i m o rd iu m  re m a in s  u n d i f f e r e n t i a t e d  i n  young d i p l o s t o m u l a , b u t  becomes 
a l o b a t e  s t r u c t u r e  i n  o l d e r  fo rm s .
A d u l t  ( F i g .  7)
A d u l t s  were r e c o v e r e d  from t h e  duodenum o f  d o m e s t i c  c a t s ,  b o b c a t s ,  
and j u v e n i l e  r a c c o o n s .  Each a d u l t  was i n d i v i d u a l l y  a t t a c h e d  t o  a h o s t  
i n t e s t i n a l  v i l l u s .
D e s c r i p t i o n  ( b a s e d  on t e n  g r a v i d ,  f i x e d  s p e c i m e n s ) :  The body i s
e l o n g a t e ,  d i s t i n c t l y  b i s e g m e n t e d ,  and 1375 (1 000-1600)  lo ng  by 478 
( 3 5 0 - 6 0 0 )  a t  t h e  w i d e s t  p o i n t .  The f o r e b o d y  i s  s c o o p - s h a p e d  and 883 
(6 5 0 - 1 0 5 0 )  l o n g  by 478 ( 3 5 0 - 6 0 0 )  w i d e .  The e n t i r e  fo r e b o d y  s e r v e s  
as  an o rg an  o f  a t t a c h m e n t .  L a p p e t s  a r e  p r e s e n t  on e i t h e r  s i d e  o f  t h e  
o r a l  s u c k e r ;  t h e y  r a r e l y  i n v a g i n a t e  t o  form p s e u d o s u c k e r s .  The h i n d ­
body i s  c o n i c a l ,  535 (2 8 0 -5 0 0 )  wide  and c o n t a i n s  t h e  r e p r o d u c t i v e  
o r g a n s .  The f o r e b o d y  t egum en t  i s  c o v e r e d  w i t h  s m a l l  s p i n e s ;  t h e  
h i n d b o d y  tegum en t  sm oo th .  The o r a l  s u c k e r  i s  90 ( 6 0 - 1 0 5 )  l on g by 
73 ( 6 0 - 8 1 )  w id e ;  t h e  a c e t a b u l u m  i s  74 ( 6 0 - 9 5 )  lo n g  by 75 (6 0 - 9 5 )  
wide  and i s  r a r e l y  c o v e r e d  by t h e  t r i b o c y t i c  o r g a n ;  t h e  t r i b o c y t i c  
o rg an  i s  453 (3 1 0 - 5 5 0 )  lo n g  by 200 (1 5 5 -2 2 5 )  wide  when e v a g i n a t e d .
The p r e p h a r y n x  i s  5 ( 4 - 6 )  l o n g ;  t h e  p h a r y n x  i s  102 ( 7 5 - 2 1 5 )  l o n g  by 
64 ( 5 5 - 8 5 )  w i d e ;  t h e  e s o p h a g u s  i s  6 ( 4 - 1 0 )  l o n g ;  and p a i r e d  c e c a  
e x t e n d  t o  t h e  p o s t e r i o r  end of  t h e  b o d y .  The t e s t e s  a r e  tan dem ,  b u t  
n o t  e q u a l ;  t h e  a n t e r i o r  t e s t i s  i s  a s y m m e t r i c a l ,  t y p i c a l l y  wedge-  
s h a p e d ,  l a t e r a l l y  d i s p o s e d  on e i t h e r  s i d e  o f  t h e  m i d l i n e  and 160 (1 2 8 -
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215) l on g by 225 ( 1 7 5 - 3 0 0 )  w i d e ;  th e  p o s t e r i o r  t e s t i s  i s  s y m m e t r i c a l ,  
d u m b b e l l - s h a p e d ,  much w i d e r  t h a n  t h e  a n t e r i o r  t e s t i s ,  2 10 (1 65- 2 7 6 )  
lo n g  by 340 (2 7 5 - 4 2 5 )  w i d e ,  and h a s  a v e n t r o - m e d i a l  g ro o v e  t o  a l l o w  
p a s s a g e  o f  t h e  c e c a  and u t e r u s ;  a m u s c u l a r  e j a c u l a t o r y  pouch l i e s  
p o s t e r i o r  t o  t h e  t e s t e s  and e m p t i e s  i n t o  t h e  g e n i a l  a t r i u m ;  t h e  g e n i t a l  
a t r i u m  i s  l o c a t e d  i n  t h e  p o s t e r i o r  end o f  th e  body and opens  on th e  
d o r s o - s u b t e r m i n a l  s i d e .  The o v a r y  i s  r e n i f o r m ,  l o c a t e d  a n t e r i o r  t o  the  
a n t e r i o r  t e s t i s  and i s  72 ( 6 0 - 9 9 )  lo n g  by 167 (1 0 0 - 1 8 0 )  w i d e ;  the  
M e h l i s '  Gland l i e s  o p p o s i t e  t h e  o v a r y ;  t h e  u t e r u s  c o u r s e s  b r i e f l y  i n t o  
t h e  f o r e b o d y ,  t u r n s  i m m e d ia t e l y  p o s t e r i a d ,  and opens  i n t o  t h e  g e n i t a l  
a t r i u m ;  t h e  v i t e l l a r i a  a r e  l o c a t e d  o n l y  i n  t h e  f o r e b o d y ,  from j u s t  
a n t e r i o r  t o  t h e  a c e t a b u l u m  t o  t h e  f o r e b o d y - h i n d b o d y  j u n c t u r e ;  th e  
v i t e l l i n e  r e s e r v o i r  i s  p r o m i n e n t ,  l o c a t e d  i n  t h e  h i n d b o d y  a t  t h e  l e v e l  
o f  t h e  a n t e r i o r  t e s t i s .  Eggs a r e  few ( 1 - 6 ) ,  l a r g e ,  o p e r c u l a t e , and 
122 ( 1 1 0 - 1 2 8 )  lo n g  by 65 ( 6 0 - 7 5 )  w i d e .  The e x c r e t o r y  p o r e  i s  t e r m i n a l .
DISCUSSION
The s i g n i f i c a n c e  o f  t h i s  r e p o r t  l i e s  i n  t h e  f a c t  t h a t  i t  i s  t h e  
f i r s t  d e s c r i p t i o n  o f  an A l a r i a  s p p .  l i f e  c y c l e  from t h e  s o u t h e r n  
U n i t e d  S t a t e s  and more i m p o r t a n t l y  i t  i s  t h e  o n l y  c o m p l e t e  d e s c r i p ­
t i o n  o f  a l l  s t a g e s  o f  A. m a r c i a n a e  c u r r e n t l y  a v a i l a b l e .  A d u l t s  o f
A. m a r c i a n a e  have been  d e s c r i b e d  by H a l l  and Wigdor ( 1 9 1 8 ) ,  La Rue 
and F a l l i s  ( 1 9 3 6 ) ,  Burrows and L i l l i s  ( 1 9 6 5 ) ,  and Shoop and Corkum 
( 1 9 8 2 ) .  I n  a c l a s s i c  s t u d y ,  P e a r s o n  (1956)  d e s c r i b e d  in  d e t a i l  t h e  
s p o r o c y s t  g e n e r a t i o n s ,  m e s o c e r c a r i a , and d i p l o s to m u l u m  o f  A. c a n i s  
(=A. m a r c i a n a e ) . In  a n o t h e r  e x c e l l e n t  c o n t r i b u t i o n ,  J o h n s o n  (1968 )  
d e s c r i b e d  a l l  s t a g e s  e x c e p t  t h e  m i r a c i d i u m  o f  A. m a r c i a n a e , a l t h o u g h  
i t  was e v i d e n t  from h i s  work t h a t  he  h a d  s e e n  i t .
The f i r s t  i n t e r m e d i a t e  h o s t  f o r  A l a r i a  m a r c i a n a e  i s  H e l i so m a  
t r i v o l v i s . T h i s  was t h e  o n l y  s p e c i e s  o f  s n a i l  a c c e p t i n g  e x p e r i m e n t a l  
i n f e c t i o n .  T h i s  was c o r r o b o r a t e d  by f i v e  y e a r s  o f  f i e l d  c o l l e c t i n g  
i n  which H. t r i v o l v i s  was t h e  o n ly  s n a i l  s p e c i e s  foun d  n a t u r a l l y  
i n f e c t e d .  E x p e r i m e n t a l l y ,  t h e  m i r a c i d i u m  was o b s e r v e d  t o  p e n e t r a t e  
a c t i v e l y  t h e  m a n t l e  r e g i o n  o f  t h e  s n a i l .  Two s p o r o c y s t  g e n e r a t i o n s  
o c c u r  i n  t h e  s n a i l  w i t h  a c u l m i n a t i o n  o f  c e r c a r i a l  em ergence  61 days  
p o s t e x p o s u r e  t o  m i r a c i d i a .  H_. t r i v o l v i s  s u r v i v e d  i n  t h e  l a b o r a t o r y  
f o r  more t h a n  one y e a r  and c o n t i n u o u s l y  s h e d  c e r c a r i a e .
C e r c a r i a e  l i b e r a t e d  i n t o  t h e  w a t e r  column h ave  b u t  a b r i e f  t ime 
(2 4 - 4 8  h r )  t o  f i n d  a s u i t a b l e  s econd  i n t e r m e d i a t e  h o s t .  P e n e t r a t i o n  
o n l y  o c c u r r e d  among t a d p o l e s ,  inasmuch as  r e c e n t l y  metam orp hosed  
b u l l f r o g s  were  r e f r a c t o r y  t o  i n f e c t i o n .  T a d p o l e s  o f  a l l  t h r e e  Rana 
s p e c i e s  became i n f e c t e d ,  b u t  a marked p r e d i l e c t i o n  f o r  t h e  b u l l f r o g  
was a p p a r e n t  b o t h  in  t e rm s  o f  number and t im e  o f  d e v e l o p m e n t .  S i m i -
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l a r  r e s u l t s  were  o b t a i n e d  in  th e  s t u d y  by P e a r s o n  ( 1 9 5 6 ) ,  who a l s o  
found R. c l a m i t a n s  t o  be a l e s s  s u i t a b l e  h o s t .
M ass iv e  n a t u r a l  i n f e c t i o n s  in  b u l l f r o g s  in  which s e v e r a l  t h o u s a n d  
m e s o c e r c a r i a e  were found in  t h e  h i n d l e g s  a l o n e  h av e  b e e n  r e p o r t e d  
(Freeman et^ a l_ . , 1976 ) .  A l i k e l y  r e a s o n  t h e  b u l l f r o g  may a c c u m u l a t e  
l a r g e  i n f e c t i o n s  n a t u r a l l y  i s  t h a t  i t  o f t e n  r e m a i n s  a t a d p o l e  f o r  
s e v e r a l  s e a s o n s ,  t h u s  i n c r e a s i n g  t h e  t ime  o f  e x p o s u r e  t o  c e r c a r i a e .  
However,  i t  must  a l s o  be n o t e d  t h a t  b u l l f r o g s  were  o b s e r v e d  t o  c a n n i ­
b a l i z e  s m a l l e r  f r o g s  and t h e  p o s s i b i l i t y  o f  a c c u m u l a t i n g  l a r g e  numbers  
o f  m e s o c e r c a r i a e  i n  t h i s  manner  ca n  n o t  be d i s m i s s e d .
Two e c o l o g i c a l  pa thw ays  a r e  a v a i l a b l e  t o  t h e  m e s o c e r c a r i a e ;  t h e  
s ec o n d  i n t e r m e d i a t e  h o s t  can be  consumed by a p a r a t e n i c  h o s t  or  e i t h e r  
o f  t h o s e  can  be  consumed by a d e f i n i t i v e  h o s t .  P r e s e n t  knowledge 
i n d i c a t e s  t h a t  i t  i s  t h e  s e c o n d  i n t e r m e d i a t e  and p a r a t e n i c  h o s t s  t h a t  
a r e  e p i d e m i o l o g i c a l l y  s i g n i f i c a n t .  A p a r a t e n i c  h o s t  i s  a s p e c i e s  in  
which t h e  p a r a s i t e  g a i n s  a c c e s s ,  b u t  w i t h i n  which i t  u n d e r g o e s  no 
d e v e lo p m e n t .  Thus ,  p a r a t e n i c i t y  i s  an e c o l o g i c a l  b r i d g e  t h a t  l i n k s  
two s t a g e s  o f  a l i f e  c y c l e  t h a t ,  by t h e m s e l v e s ,  h ave  a low p r o b a b i l i t y  
of  t r a n s m i s s i o n .  In  t h i s  c a s e ,  t a d p o l e s  a r e  r a r e l y  e a t e n  by d o m e s t i c  
c a t s ,  b o b c a t s ,  or  r a c c o o n s ,  b u t  t h e y  a r e  common p r e y  i t em s  o f  o t h e r  
p r e d a t o r s  such  as am ph ib ious  w a t e r  s n a k e s .  These  s n a k e s  a c t  as  
a c c u m u l a t o r s  o f  m e s o c e r c a r i a e  and when t h e y  e n t e r  t h e  food web,  e i t h e r  
as  p r e y  or  c a r r i o n ,  t h e y  t r a n s m i t  m a s s i v e  i n f e c t i o n s .  A d u l t  r a c c o o n s  
and opossums a l s o  s e r v e  as  p a r a t e n i c  h o s t s .  Humans may s e r v e  as  
p a r a t e n i c  h o s t s  e i t h e r  t h r o u g h  m i s h a n d l i n g  a game a n i m a l  or t h r o u g h  
d i r e c t  c o n s u m p t io n  (S hea e_t ^1^. ,  19 /3 ;  Shoop and Corkum,  1981 ) .
The l i f e  c y c l e  o f  A l a r i a  m a r c i a n a e  i s  c o m p l e t e d  when t h e  s econd
i n t e r m e d i a t e  h o s t  o r  p a r a t e n i c  h o s t  i s  i n g e s t e d  by a d o m es t i c  c a t ,  
b o b c a t ,  or  j u v e n i l e  r a c c o o n .  F i e l d  s t u d i e s  i n d i c a t e  t h a t  i t  i s  t h e  
b o b c a t  and j u v e n i l e  r a c c o o n  t h a t  m a i n t a i n  t h e  l i f e  c y c l e  in  L o u i s i ­
a n a .  The r e a s o n  a d u l t  r a c c o o n s  a r e  r e f r a c t o r y  t o  f u r t h e r  d e v e l o p ­
ment  o f  m e s o c e r c a r i a e ,  and j u v e n i l e  r a c c o o n s  a r e  n o t ,  i s  e n i g m a t i c .  
M e s o c e r c a r i a e  a p p a r e n t l y  u n d e r g o  a m i g r a t i o n  w i t h i n  t h e  d e f i n i t i v e  
h o s t  and r e a c h  m a t u r i t y  in  t h e  duodenum.  C u c k l e r  ( 1940) r e p o r t e d  
t h a t  t h e  m i g r a t i o n  i n v o l v e s  a d i r e c t  s o m a t i c  r o u t e  t o  t h e  l un gs  
where d i p l o s t o m u l a  a r e  found and t h e n  a r e t u r n  t r i p  v i a  t h e  t r a c h e a  
and es o p h ag u s  t o  t h e  duodenum.  My o b s e r v a t i o n s  a p p e a r  t o  c o n f i r m  
t h i s .  A d e t a i l e d  s t u d y  o f  t h i s  phenomenon w i l l  do much t o  c l a r i f y  
t h e  b i o l o g y  o f  t h i s  o r g a n i s m .
The b a s i c  l i f e  c y c l e  and t h e  m o rpho logy  o f  t h e  s t a g e s  r e p o r t e d  
h e r e i n  f o r  A l a r i a  m a r c i a n a e  do n o t  d i f f e r  s i g n i f i c a n t l y  from i n f o r ­
m a t i o n  p r e s e n t e d  f o r  A. c a n i s  by P e a r s o n  ( 1 9 5 6 ) ,  A. m a r c i a n a e  by 
J o h n s o n ,  (1968) ,  o r  A. a l a t a  by P o t e k h i n a  ( 1 9 5 0 ) .  Dubois  ( .1970),  in  
f a c t ,  syno ny mized  A. c a n i s  u n d e r  A. m a r c i a n a e . To d a t e ,  no c o m p a r i ­
son b e tw een  A. m a r c i a n a e  and A. a l a t a  h a s  b e e n  a t t e m p t e d .  H i s t o r i ­
c a l l y ,  A. a l a t a  h a s  been  r e g a r d e d  as  a P a l e a r c t i c  i n f e c t i o n  and A. 
m a r c i a n a e  a s  a N e a r c t i c  one .  Based upon l i f e  c y c l e  and m orp h o lo g y ,  
t h e s e  two s p e c i e s  a r e  i n d i s t i n g u i s h a b l e .  I n t e r e s t i n g l y ,  s e v e r a l  
w o rk e r s  h a v e  r e p o r t e d  A. a l a t a  from mammalian c a r n i v o r e s  i n  N o r th  
America  ( S w a l e s ,  1933;  E r i c k s o n ,  194 4) .  However ,  t h e  o b s e r v a t i o n s  
and s p e c i e s  d e s i g n a t i o n s  o f  Swales  an d E r i c k s o n  were i g n o r e d  and 
t h e  P a l e a r c t i c - N e a r c t i c  s p l i t  m a i n t a i n e d .  The o n l y  s u p p o r t  f o r  th e  
c o n t i n u e d  s e p a r a t i o n  o f  t h e s e  two p o p u l a t i o n s  a r e :  (1 )  A. m a r c i ­
anae  i n f e c t s  s n a i l s  o f  t h e  genus  H e l i s o m a , w h e rea s  A. a l a t a  i n f e c t s
t h e  genus  P l a n o r b i s ; and (2 )  t h e  m i g r a t i o n  o f  A. m a r c i a n a e  in  a d e f  
n i t i v e  h o s t  t a k e s  a s  l i t t l e  as t h r e e  w eek s ,  w h e rea s  i n  A. a l a t a  i t  
h a s  been  r e p o r t e d  t o  r e q u i r e  f i v e  weeks ( S a v i n o v ,  1953 ) .  Of t h e s e  
two o b e c t i o n s  t h e  s e c o n d  must  be r e g a r d e d  as  t h e  more s i g n i f i c a n t .  
Given t h e  c l o s e  r e l a t i o n s h i p  o f  t h e  two p l a n o r b i d  g e n e r a  i t  would  
n o t  be  s u r p r i s i n g  i f  A. a l a t a  and A. m a r c i a n a e  c o u l d  i n f e c t  b o t h .  
However ,  u n t i l  t h e  r e p o r t e d  d i f f e r e n c e s  i n  m i g r a t i o n  t ime in  t h e  
d e f i n i t i v e  h o s t s  a r e  u n d e r s t o o d  t h e  c o n t i n u e d  r e c o g n i t i o n  o f  t h e  
two t a x a  i s  a d v i s a b l e .
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TRANSMAMMARY INFECTION OF PARATENIC AND DEFINITIVE 
HOSTS WITH ALARIA MARCIANAE (TREMATODA) MESOCERCARIAE
W esley L. Shoop and Kenneth C. Corkum
Department ot Zoology and Physiology, Louisiana State University, Baton Rouge, Louisiana 70803
a b s t r a c t :  Transmammary infection with Alaria marcianae mesocercariae was demonstrated using mice as 
model, paratenic hosts. Prenatal transmission was ruled out because neonates removed immediately postpartum 
from infected dams were never infected. Mcsocercarial distribution in virgin females and in females examined 
immediately postpartum showed no marked preference for the mammary glands. In contrast, infection o f 
neonates that were allowed to suckle on infected dams was absolute, and the number o f mesocercariae in the 
mammary glands o f postparturient dams that suckled their young was increased significantly. These experimental 
observations were coupled with other observations on paratenic hosts to outline the pathways open to meso­
cercariae in gravid hosts. The term amphiparatcnic host is coined for those host species that are paratenic hosts 
as adults, but as juveniles can serve as definitive hosts.
W e  have no ted  the p red ilec tion  o f  A laria  m a r­
cian ae  m esocercariae fo r the b o d y  fa t and m a m ­
m ary  glands o f  g rav id , para ten ic  hosts (S hoop  
and C o rk u m , 1981). T h is  led us to  be lieve that 
m atern a l transm ission  o f  these h ig h ly  m ig ra to ry  
stages m ay  be possible. T h is  supposition was fu r­
th er co m p lica ted  w h en  we fed m esocercariae to  
neonatal raccoons, adults  o f  w h ich  act o n ly  as 
paraten ic hosts, an d  recovered a d u lt A. m a r­
cianae  fro m  the sm all in testine . T h is  b eh av io r  
o f  the m esocercariae in neonatal raccoons was 
u n exp la in ab le  at th a t tim e.
A d d itio n a l ev idence o f  m ate rn a l transm ission  
becam e ap paren t d u rin g  m ain tenance  o f  A. m a r­
cianae  in  o u r lab o ra to ry . W e  fed m esocercariae  
to  a pregnant cat, bu t fecal sm ears fa iled  to  show  
patency at the tim e  n o rm a lly  presum ed fo r m a ­
tu rity  (1 9  days) o f  A. m arcianae. Fecal smears 
from  the o th er cats in  the v iv a r iu m  one m o n th  
la ter showed, ho w ever, th at large, operculate eggs 
w ere being passed by several young cats. O u r  
records revealed th at these cats w ere the offspring  
o f  the fem ale  th a t had fa iled to  reach patency. 
A t necropsy, these offspring w ere found to have  
ad u lt A. m arcian ae  in  the sm all in testine.
T h o u g h  m aterna l transm ission was ind icated  
in  the in fections o f  cats, it was no t possible to 
d e te rm in e  w h eth er it resulted fro m  prenata l or 
postnatal pathw ays. E xtraneous sources o f  in fec­
tion  w ere precluded as these cats w ere kept in  a 
s ix th -flo o r v iv a r iu m , fed on ly  co m m erc ia l cat 
chow , and there was no access to any in te rm e ­
d ia te  host o f  A. m arcianae.
M a te rn a l transm ission o f  h e lm in th s  has been
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rev iew ed by Stone and S m ith  (1 9 7 3 ) and M il le r  
(1 981 ). T h ou gh not u n co m m on in  he lm inths such 
as nem atodes, reports o f  it  am on g  trem atodes  
are rare. M i l le r ’s ow n studies on the genus Pha- 
ryngostom oides  have p ro v id e d  the on ly  evidence  
fo r m aterna l transm ission in  trem atodes (H a rr is  
et a l., 1967; M il le r , 1981). P haryngostom oides  
and A laria  are c losely-related , d ip lo s to m id  tre m ­
atodes th at have s im ila r  life-cycles. T h e  stage 
in v o lv e d  in  the P haryngostom oides  cycle is also 
a m esocercaria an d  transm ission is thought to 
occur du rin g  lac ta tion  betw een a fem ale raccoon  
and her pups (M il le r ,  1981).
T o  date, there exist m an y  excellent studies on 
A laria  life  histories and they have proven to be 
am ong the m ost co m p lex  (B osm a, 1934; P ear­
son, 1956; Johnson, 1968, 1979). T h e  life-cycle  
com ponents repo rted  heretofore are as fo llow : 
adults reside in  the sm all in testine o f  a carn ivore; 
defecated eggs em b ryo n ate  in  w ater; m ira c id ia  
penetrate a he liso m a tid  snail w ith  subsequent 
sporocyst generations; free -sw im m in g , furcocer- 
cous cercariae p enetrate la rva l am ph ib ians; p a ra ­
tenic residence occurs in a w id e  spectrum  o f  a m ­
ph ib ia n , rep tilia n , and m a m m a lia n  hosts; and  
ingestion o f  the in te rm e d ia te  o r  paraten ic host 
is fo llow ed  by an in trica te  som atic  m ig ra tio n  and  
m atu ra tio n  o f  m esocercariae, d ip lo s to m u la , and  
adults w ith in  the d e fin itiv e  host. T h is  general­
ized schem a o f  the A laria  cycle fa iled , how ever, 
to account fo r ou r observations on the grav id  cat 
and the subsequent in fection  o f  her young. Th us  
we exam ined  the pathw ays o f  A laria  m arcianae  
m esocercariae in  g rav id , para ten ic  hosts in  an 
effort to be tte r understand the a b ility  o f  th is stage 
to infect a subsequent generation . Those obser­
vations fo rm  the basis o f  the fo llow ing  report.
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T a h i . i ;  I. Distribution o f A. marcianae mesocercariae in dams examined immediately postpartum.
D a m  no.
L o c a t i o n  o f  l a r v a e *
f o t a l
M a m m a r s
g la tu l s
M e s o n -
ic r ic
fat
S u b s o a p .
/in
( i t .
I r a n L i v e r N e a r ! L u n g t f forus
A m .
t r u n k
I’os t
t r u n k
I 3 <«) 0 Ift (42) 0 2 ( 5 ) 0 0 0 1 6 ( 4 2 ) 1 (3) .38
2 5 { 1 1 ) 0 I S  ( 34 ) 0 0 1 (2) 1 (2) 0 15 (34 ) 7 (1ft) 4 4
3 7 < I 7) 0 14 (33) {) 0 0 I (2) 0 1 7 ( 4 0 ) 3 (7) 42
4 ft ( I  2) 0 2 0  (41 ) 0 1 (2) 1 (2) 1 (2) 0 15 (31) 5 ( 1 0) 44
5 4 ( 1 2 ) 0 14 (4 2 ) 0 0 0 0 0 13 (34 ) 2 (ft) 33
•  N u m b e r s  o f  m c s o e e r e a r i a e  r e c o v e r e d  f r o m  t h e  l o c a t i o n s  a r e  f o l l o w e d  by  th e  p e r c e n t a g e  {in p a r e n t h e s e s )  o f  t h e  to ta l  n u m b e r  r e c o v e r e d  f r o m  th a t  
d a m .
MATERIALS AND METHODS
General
Wistar outbrcd mice were used in all experiments. 
They were maintained in stainless steel cages that were 
changed daily. Water and Purina Rodent Chow were 
supplied ad lib. Alaria marcianae mesocercariae were 
collected from the fat bodies o f cottonmouth snakes, 
Agkistrodon piscivorus. The fat bodies were ground for 
1 to 2 sec in a Waring Blender and strained through a 
single layer o f cheesecloth. After several washings with 
0.7% NaCI the mesocercariae were segregated into lots 
o f 150 worms and given p.o. to mice. Adult mice to 
be examined for distribution o f mesocercariae were 
first skinned and the following parts were isolated: 
mammary glands, subscapular fat, mesenteric fat, liv ­
er, heart, lungs, gastrointestinal tract, uterus, anterior 
trunk musculature, and posterior trunk musculature. 
Young mice also were examined for mesocercariae af­
ter grinding for I to 2 sec in a blender.
Exclusion of prenatal infections
Five virgin females were infected with mesocercar­
iae, mated, and isolated with that mate on the same 
day. At parturition, neonates were removed before 
suckling and examined for mesocercariae. Sires were 
kept in the cages as tracers to determine i f  infection 
would occur from an extraneous source such as excre­
tions or secretions from the females.
Mesocercariae in dam s im m ediately postpartum
The five dams from the previous experiment were 
examined within 3 hr postpartum to determine the 
distribution o f mesocercariae in their somatic tissues.
M esocercariae in virgin fem ale mice
Five virgin female mice were infected with meso­
cercariae and examined 21 days later for distribution 
o f larvae in their somatic tissues.
Mesocercariae in young during lactation
Five virgin females were mated and isolated with 
their males until parturition. At parturition, the dams 
were infected with mesocercariae and quarantined from 
their young for I hr. A t the same time, three neonates 
from each litter were removed and examined as con­
trols. Three neonates o f approximately the same age 
were substituted into each litter from our breeding col­
ony. The young were allowed to suckle for 2 1 days at 
which time they were examined. Sires were kept in the
cages as tracers to determine if  infection would occur 
from excretions or secretions o f the females.
Mesocercariae in dam s exam ined  
21 days postpartum
The five infected dams from the previous experiment 
were examined 2 1 days postpartum to determine the 
distribution o f remaining mesocercariae in their so­
matic tissues.
Onset of m aternal passage
Three dams were infected immediately postpartum 
and a single offspring from each dam was examined 
daily to determine when mesocercariae could first be 
detected in the nurslings.
RESULTS 
Exclusion of prenatal infections
F ifty -th re e  young w ere born to the five infected  
dam s and w ere exam ined  im m e d ia te ly  at pa r­
tu rit io n . N o n e  o f  the 53 young was infected w ith  
m esocercariae.
T h e  five sires th a t w ere used as tracers to de­
te rm in e  i f  extraneous in fection  could occur from  
excretions o r secretions from  the fem ales were  
negative fo r m esocercariae.
M esocercariae in dam s im m ediately postpartum
T h e  five dam s w ere successfully infected w ith  
m esocercariae p r io r  to conception and all carried  
th e ir young fu ll te rm . D is tr ib u tio n  o f  m esoccr- 
cariae in the so m atic  tissues o f  the dam s is su m ­
m arized  in  T a b le  I.
M esocercariae in virgin fem ale mice
F iv e  v irg in  fem ale  m ice w ere successfully in ­
fected and the d is tr ib u tio n  o f  m esocercariae in 
th e ir  som atic  tissue after 2 1 days is su m m arized  
in T a b le  I I .
Mesocercariae in young during lactation
T h ir ty -e ig h t young w ere nursed by dam s in ­
fected w ith  m esocercariae po stp artum . A ll 38
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T a b l e  I I. Distribution of A. marcianae mesocercariae in virgin female mice.
D a m  n o .
L o c a t io n  o f  la rv a e "
T o ta l
M a m m a r y
g la n d s
M e s e n ­
te r ic
fat
S u b s c a p .
fa t
G .l .
t r a c t L iv e r H e a r t L u n g U te ru s
A n t.
t ru n k
P o s t.
t r u n k
1 7 (1 8 ) 0 3 ( 8 ) 0 0 0 1 (3 ) 0 2 4  (6 3 ) 3 ( 8 ) 38
2 16 (1 4 ) 0 2 0  (1 8 ) 0 7 ( 6 ) 0 3 (3 ) 0 4 3  (3 9 ) 2 1 ( 1 9 ) 1 10
3 2 0  (2 1 ) 0 1 4 ( 1 5 ) 0 3 ( 3 ) 1 (1) 0 0 4 6  (4 9 ) 1 0 ( 1 1 ) 9 4
4 1 8 ( 2 3 ) 0 2 0  (2 5 ) 0 1 (1 ) 0 1 (1 ) 0 2 9  (3 7 ) 1 0 ( 1 3 ) 79
5 2 3  (2 7 ) 0 1 7 ( 2 0 ) 0 1 (1) 0 0 0 3 7  (4 4 ) 7 ( 8 ) 8 5
* N u m b e r s  o f  m e s o c e rc a r ia e  r e c o v e re d  f ro m  th e  l o c a t io n s  a r c  fo l lo w e d  b y  th e  p e rc e n ta g e  ( in  p a r e n th e s e s )  o f  t h e  t o ta l  n u m b e r  r e c o v e re d  f ro m  th a t  
d a m .
young exam ined  at 21 days w ere in fected w ith  
m esocercariae and the results are su m m arized  in  
T a b le  I I I .
T h e  three neonates rem o ved  fro m  each lit te r  
im m e d ia te ly  postp artum  w ith o u t suckling w ere  
all negative fo r m esocercariae. T h e  three neo­
nates substituted in to  each lit te r  an d  a llow ed  to  
suckle a ll becam e infected.
T h e  five  sires th a t w ere used as tracers to  d e­
te rm in e  i f  extraneous in fec tio n  could  occur from  
excretions o r secretions fro m  the fem ales were  
negative fo r m esocercariae.
Mesocercariae in dams exam ined  
21 days postpartum
F iv e  dam s w ere successfully in fected postpar­
tu m . T h e  d is tr ib u tio n  o f  m esocercariae in  th e ir  
som atic  tissue a fte r 21 days o f  nursing is su m ­
m arized  in  T a b le  IV .
Onset of maternal passage
A t  p a rtu r itio n , three dam s w ere successfully 
in fected w ith  m esocercariae. T h e  first m esocer­
cariae detected in  young fro m  each group was at 
postp artum  days 4 , 5, and 5. A fte r  the in itia l  
passage a t these days no co rre la tio n  between  
length o f  nursing t im e  and a d d itio n a l acquis ition
T a b l e  I I I .  Number o f A. marcianae mesocercariae re­
covered from 21-day postparturient mice that suckled 
from  infected dams.
N e o n a te  n o .
n o . 1 2 3 4  5 6 8 9
1 7 4  2 2 3 _ _
2 1 2 i 2 2 3 1
3 3 2 I 1 - _
4 1 4 2 1 2 -
5 2 3 2 2 2 -
o f  m esocercariae was noted. Results are su m ­
m arized  in  T a b le  V .
DISCUSSION
T h is  study revealed th a t A laria  m arcianae  m e ­
socercariae d id  no t in fect prenata l m ice. N o t on ly  
were 53 un infected  neonates b o m  to  infected  
dam s, bu t no m esocercariae w ere found in  the  
uteri o f  v irg in , p a rtu rien t, o r  po stp artu rien t fe­
males. T h is  is contrasted by the absolute post­
natal in fec tion  in  offspring th a t w ere a llo w ed  to  
nurse fro m  in fected dam s.
D is tr ib u tio n  o f  m esocercariae in  v irg in  and  
p a rtu rien t fem ales was fo un d  to  be concentrated  
in the a n te r io r  tru n k  m usculature and bo dy fat. 
A  significant increase o f  m esocercariae in  the  
m a m m a ry  glands was seen in  the dam s exam ined  
21 days po stp artum . M ig ra tio n  o f  m esocercariae, 
then, appears to be d irec ted  to  the m a m m a ry  
glands by design ra th er than  by ran d o m  m o v e ­
m ent.
A ll o f  the young m ice used in  this study had  
te rm in a ted  th e ir  nursing by 21 days. T h is  in d i­
cates th a t m esocercariae rem a in in g  in the m a m ­
m ary  glands o f  the dam s m a y  be capable o f  in ­
fecting subsequent litters. M il le r  (1 9 8 1 ) has 
ind icated  th a t th is is tru e  fo r m esocercariae o f  
the genus P haryngostom oides.
O u r data show  th at m esocercariae in troduced  
to  dam s m a y  reach the sucklings as early  as 4 
days P I. T h e  significance as to  w h y  there appears  
to  be no co rre la tio n  betw een suckling tim e  and  
a d d itio n a l acqu is itio n  o f  m esocercariae is u n ­
kn ow n . H o w e v e r, these observations d e m o n ­
strate th a t transm ission can be m ilk b o m e  as co- 
lostral secretion te rm ina tes  by day 1 in  m ice.
T h e  concept o f  p a ra ten ic ity  was in tro du ced  by  
Baer (1 9 5 1 ) to  connote extension o f  a parasite  
in space and tim e . T h e  a b ility  o f  the m esocer- 
caria l stage to  bridge ecological gaps fro m  an
28
29
THE JOURNAL OF PARASITOLOGY. VOL. 69. NO 4. AUGUST 1983
T a i i i . i .  I V .  Distribution o f A. marcianae mesocercariae in dams examined 21 days postpartum.
L o c a t io n  o f  la rv a e *
D a m  n o .
M a m m a r y
g la n d s
M e s e n ­
te r ic
fat
S u b s c a p .
fa t
G .l .
tr a c t L iv e r H e a r t L u n g U te r u s
A n t.
t r u n k
P o st.
t r u n k T o ta l
1 3 7 ( 7 3 ) 0 2 (4 ) 0 0 0 3 (6 ) 0 7 ( 1 4 ) 2 (4) 51
2 41 (7 1 ) 0 2 ( 3 ) 0 1 (2 ) 0 I (2 ) 0 1 0 ( 1 7 ) 3 ( 5 ) 58
3 2 3  (4 9 ) 0 0 0 0 0 1 (2 ) 0 22  (4 7 ) 1 (2) 47
4 31 (5 3 ) 0 5 ( 9 ) 0 0 0 0 0 1 5 ( 2 6 ) 7 (1 2 ) 58
5 4 3  (5 6 ) 0 7 (9 ) 0 1 (1 ) 0 1 (1 ) 0 21 (2 7 ) 4 (5 ) 77
* N u m b e r s  o f  m e s o c e r c a r ia e  r e c o v e re d  f ro m  th e  l o c a t io n s  a r e  fo llo w e d  b y  th e  p e rc e n ta g e  (in  p a r e n th e s e s )  o f  th e  to ta l  n u m b e r  r e c o v e re d  f ro m  th a t  
d a m .
aquatic  in te rm e d ia te  host to  a te rrestria l d e fin i­
tiv e  host is w ell kn o w n . H o w e v e r, the ex ten t to  
w hich  they persist in tim e  is ju s t becom in g a p ­
parent. R au  and G o rd o n  (1 9 7 8 ) found th a t A la r­
ia  sp. m esocercariae o v e rw in te r  in  p o ik ilo th e r-  
m ous hosts even in  the harsh w in ters  o f  C an ada , 
and M il le r  (1 9 8 1 ) presented ev iden ce th a t m e­
socercariae o f  P h aryngostom oides  m ay  liv e  fo r  
as long as 11 years. O n  the basis o f  these studies, 
the p o ten tia l lo ngev ity  o f  the m esocercaria l stage 
far exceeds th a t o f  its second in te rm e d ia te  and  
paraten ic hosts, thus insuring the co ntinued  pas­
sage o f  m esocercariae through a v a rie ty  o f  p a ra ­
tenic hosts, e.g., a frog eaten by a snake, w h ich  
is eaten by an a lliga to r, w h ich  dies and is scav­
enged by an opossum .
W e v ie w  tra n s m a m m a ry  passage o f  A laria  
m arcian ae  m esocercariae as a fu rth e r m o d ifi­
cation o f  th is p a ra ten ic ity . T h e  p red ilec tion  o f  
these larvae fo r the fat bodies o f  a ll para ten ic  
hosts preadapt th em  fo r the ad d itio n a l step in to  
the m a m m a ry  glands o f  a g rav id , m a m m a lia n  
host. T h is  new ly recorded b e h av io r o f  th e  m e ­
socercariae obfuscates the classical d e lim ita tio n s  
o f  para ten ic an d  d e fin itiv e  hosts. F o r in  fact, the  
roles o f  these hosts m ay  change w hen g rav id  fe­
males are in v o lv e d . O u r  observations in d ica te  
that m esocercariae in tro du ced  to  g rav id  m a m ­
m als result in  three responses: (1 ) i f  in troduced  
to a euparaten ic  host (sensu O d en in g , 1976), such 
as a m ouse, som e o f  the larvae are retained by 
the fem ale and others are tran sm itted  to the off­
spring w here  th ey also rem a in  m esocercariae; (2 ) 
i f  in troduced to  an am p h ip a ra ten ic  host (o ur te r­
m ino logy ), such as a raccoon, som e o f  the larvae  
rem a in  un d iffe ren tia ted  in the fem ale, but others  
are tra n sm itted  to  the offspring w here they m a­
ture to adults  (Johnson, pers. co m m ., has in d i­
cated th a t he has also observed th is phenom enon  
in v o lv in g  A. m arcian ae  in  raccoon in his lab o­
ratory); and (3 ) i f  the larvae are in troduced to  a 
d e fin itive  host, such as the dom estic  cat, some 
larvae m atu re  to  adults in  the fem ale  w h ile  some 
un d ifferen tia ted  m esocercariae are tran sm itted  
to the offspring w here  they also reach adulthood.
T h e  m esocercarial stage is found on ly  in the 
d ip lo s to m id  genera Alaria, Pharyngostom oides, 
and P rocyotrem a, as w ell as the strigeid genus, 
Strigca. Because the on ly  do cu m en ted  cases o f  
tran s m a m m a ry  transm ission am on g  trem atodes  
in vo lv e  m esocercariae it m ay  be that this m ode  
o f  transm ission in  trem atodes is pecu liar to this 
stage. O f  the fo u r genera lis ted , on ly  A laria  ex ­
h ib its  a w id e range o f  para ten ic hosts, hum ans  
included. T h e  ro le  a pregnant h u m an  w o u ld  play  
i f  in fected is, as yet, unassessed.
T a i i l i :  V .  Onset o f transmammary passage o f  A. marcianae.
P o s tp a r tu m  d a y s  a t w h ic h  y o u n g  w e re  r e m o v e d  a n d  e x a m in e d
D a m  n o . 1 2 3 4 5 6 7 8 9 10 1 1 12
1 -> 1 I •> I I 1 1 I
2 _ - _ - I 1 1 1 2 I 1 2
3 - - - - 2 1 2 1 1 1 1 1
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MIGRATION OF ALARIA MARCIANAE (TREMATODA) 
IN DOMESTIC CATS
W esley L. Shoop and Kenneth C. Corkum
Department of Zoology and Physiology, Louisiana State University, Baton Rouge, Louisiana 70803
a h s t r a c t :  The migration o f Alaria marcianae was studied in domestic cats. Mesocercariae penetrated the 
stomach wall, entered the abdominal cavity, and penetrated the diaphragm within 3 hr. Direct penetration o f 
the lungs via the thoracic cavity occurred within 6 hr. Also observed was a circulatory route to the lungs when 
mesocercariae were recovered from both the liver and the chambers o f the heart. Upon entrance into the lungs, 
mesocercariae began to enlarge with sequential lappet formation, holdfast development, and penetration gland 
atrophy. By day 7, they were recognized as fully formed diplostomula. The diplostomula resided a m inimum  
o f 4 days in the lungs as they first appeared in the duodenum by day 11. Diplostomula were found in both the 
trachea and stomach, indicating that they reach the duodenum after being coughed up from the lungs and 
swallowed. Diplostomula recovered from the duodenum were indistinguishable morphologically from the most 
advanced lung forms. Maturation o f the reproductive organs occurred in as little as 4 days as the first ovigerous 
specimens were seen on day 15. The bidirectional route to the lungs may be significant when viewed in light o f 
the recent discovery o f transmammarian transmission. I f  a hormonal stimulus is involved, it is conceivable that 
those mesocercariae in the circulatory system may be more readily influenced than those undergoing a somatic 
migration. This may account for why some larvae arc diverted to the mammary glands in a pregnant mammal 
instead o f the normal, maturative migration to the duodenum.
C u ck ler (1 9 4 0 ) was the first to  repo rt an o b ­
ligate, three-host life-cycle fo r  m em b ers o f  the 
genus Alaria, and th at a co m p lex , som atic  m i­
gration  occurs in  the d e fin itiv e  host. H e  stated 
th a t ingested m esocercariae pass through the in ­
testinal w a ll, and, v ia  the periton eal cav ity , pen­
etrate the d iaphragm  and deve lo p  to d ip lo ­
s tom ula in  the lungs w ith in  13 days. T h e  
d ip lo s to m u la  then m igrate up  the trachea and  
are resw allow ed, fina lly  estab lish ing as adults  in  
the d u od enu m  by 21 days. T h is  basic m igra tio na l 
pattern  has been supported by studies fro m  
Pearson (1 9 5 6 ) on A. arisaem oides  and A. canis 
( =  A. marcianae)', S av in o v  (1 9 5 3 ) on A. a lata\ 
and Johnson (1 9 6 8 ) on A. m arcianae.
T h ou gh  a som atic route is generally be lieved  
to represent the pattern  o f  m ig ra tio n , a few  re­
ports ind icate that it m ay  occur v ia  the c ircu la­
tio n . T h is  possib ility  was suggested by Pearson 
(1 9 5 6 ) fo r A. canis ( =  A. m arcianae) as a lik e ly  
a ltern ative  to the som atic route w hen he found  
m esocercariae in  the b lood o f  the liv e r  fro m  an  
ex p erim en ta lly  infected fox. In  th e ir  discussion  
o f  A. arisaem oides  in fection  in  dogs, A llen  and  
M ills  (1 9 7 1 ) stated that m ig ra tio n  o f  m esocer­
cariae from  gut to lungs docs occur through the 
circulatory system. It  was th e ir in terpretation  that 
larvae reached the lungs v ia  the posterio r vena  
cava and the right side o f  the heart.
Received 2 November 1982; revised 20 January 1983; 
accepted 2 February 1983.
In  recent years A laria  spp. have been found to  
in fect hum ans (B eaver et a l., 1977). Shoop and  
C o rk u m  (1 9 8 1 ) exam ined  the ep idem io log y o f  
A. m arcian ae and  presented reasons fo r be liev ing  
th a t th is species was responsible fo r an au toch­
thonous h u m an  in fection  in Louis iana . A lso  n o t­
ed was the preference o f  A. m arcian ae  m esocer­
cariae fo r the fat bodies and m a m m a ry  glands 
o f  some pregnant m a m m a lia n  hosts. In  a sub­
sequent study, Shoop and C o rk u m  (1 9 8 3 ) d e m ­
onstrated ex p erim en ta lly  th a t the no rm al m ig ra ­
tio n  o f  A. m arcian ae  in  a m a m m a lia n  host is, in 
fact, d isrupted  i f  th a t host becom es pregnant. 
T h e  m esocercariae are d ive rted  to the m a m m a ry  
glands by an as yet u n de term in ed  m echanism  
and u ltim a te ly  are passed to  the young sucklings. 
A s a prelude to  fu rth er studies on  tran sm a m m ary  
transm ission it becam e desirable to reinvestigate  
the m ig ra tio n  w ith in  a nonpregnant de fin itive  
host w ith  the hope o f  establishing the baseline  
sequence o f  events. In  th is  paper we present the 
chronological sequence, anatom ical locations, and  
gross m orpho log ica l changes th a t occur during  
m ig ra tio n  o f  A laria  m arcian ae  in the dom estic  
cat.
MATERIALS AND METHODS
Alaria marcianae mesocercariae were isolated from 
the fat bodies o f cotlonmouth snakes, Agkistrodon 
piscirorus. They were segregated into lots o f 200 in 
0.8% saline and given p.o. to 6- to 9-wk-old weanling 
kittens. The kittens were necropsied 3, 6, 12, and 24 
hr later, and then daily for 19 days.
At each examination, a midventral incision was made
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T a b u :  1 . Stages o f  Alaria m arcianae a n d  locations fro m  which they were recovered fro m  kittens at various tim es 
PI. Stages recovered: M  =  mesocercaria: D = diplostom ulum : A = adult.












Time M M M M M M M D M D D D D D A
3 h r 12 - 5 - - 5 - - - - - - - -
6 h r 9 - 2 - - 6 - - 3 - - - - - -
12 h r 17 - 2 - - - - 16 - - - - _ -
24 h r - - 2 2 2 2 - 25 - - - - - -
2 d a y s - - b 2 - 3 2 - 55 - - - - - -
3 - - - - 1 - - - 128 - - - - - -
b - - - - - - _ 130 - - - - - -
5 - - - - - - - - 109 - - - - - -
6 - - - - - - - - 124 - - - - - -
7 - - - - - - - - 101 - - - - -
8 - - - - - - - - 150 - - - - -
9 - - - - - - - - 2 118 - - - - -
10 - - - - - - - - 122 - - - - -
11 - - - - - - 1 - 196 - - - 5 -
12 - - - - - - - 3 - 138 - - - 23 -
13 - - - - - - 3 - 172 1 - - 5 -
14 - - - - 2 - 66 - - - 6 -
15 - - - - - - - 1 - 48 - - 2 - 80
16 - - - - - - - 1 - 32 - - _ - 83
17 - - - - - - _ 3 - 60 - - 1 - 122
18 - - - - - - - 6 - 98 1 - - - 50
19 - - - - - - - b - 58 2 - - - 76
in the abdominal wall o f a kitten (killed with C O ;) and 
the abdominal cavity was flushed with saline and the 
washings collected. An incision was then made in the 
thoracic wall and the thoracic cavity was also flushed 
with saline and collected. The stomach was clamped 
at the pyloric sphincter and removed along with the 
small intestine. Each was isolated, scraped, comm i­
nuted in a Waring Blender for 2 to 3 sec, and washings 
examined. The liver was examined macroscopically for 
hemorrhages and then removed along with the pos­
terior vena cava which had been clamped from the 
heart. The liver was then comminuted for 2 to 3 sec. 
The posterior vena cava was perfused with saline and 
the washings added to those from the liver. The heart 
was removed and minced. The lungs were examined 
macroscopically for hemorrhages, removed, and com­
minuted for 2 to 3 sec. The esophagus and trachea were 
then removed, separated, slit along their lengths, and 
washed in saline. Finally, the diaphragm was removed, 
rinsed in saline, and then comminuted for 2 to 3 sec.
Parasites recovered from the kittens were fixed im ­
mediately in glutaraldchydc. Some were stained in 
Semichon’s accto-carmine and mounted to determine 
by light microscopy the sequence o f morphological 
transformations. Others were examined with scanning 




Results are su m m arized  in T a b le  I.  W ith in  3 
hr, m esocercariae presented p.o. to  kittens pen­
etrated the stom ach w all, en tered  the ab do m in a l 
cav ity , and penetra ted  the d iap h rag m . W ith in  6 
hr, the m esocercariae w ere first detected in the 
lungs. Som e m esocercariae w ere still found in 
the stom ach w a ll a fte r 12 h r and others were free 
in the ab d o m in a l c a v ity  u n til day 4. A c tiv e  pen­
etra tio n  o f  the d iap h rag m  was observed un til day 
2 and m esocercariae w ere also free in the thoracic  
ca v ity  a t that tim e . T h e  n u m b e r o f  m esocercariae  
in the lungs increased u n til day 3, then rem ained  
constant. M esocercariae w ere observed in the 
lungs u n til day 9.
O n  days 1 and 2, m esocercariae w ere also found  
in the liv e r, bu t no pctecchiae n o r an y co m p ro ­
mises o f  the capsule w ere observed. T h a t this  
was an a lte rn a tiv e  route to the lungs was fu rther  
corroborated  by observing  m esocercariae in the  
cham bers o f  the heart on days 1 and 3.
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Im m e d ia te ly  upon en tering  the lungs, the m e­
socercariae began a tran s fo rm atio n  to the d ip ­
lostom ula. T h e y  w ere recognized as fu lly -fo rm e d  
d ip lo s to m u la  by day 7. W ith in  the lungs, d ip ­
lostom ula w ere found in c lear, flu id -fille d  vesi­
cles, 2 m m  in  d iam eter. T h e re  was a fo ur d ay lag 
between the first appearance o f  a fu lly -fo rm e d  
diplostom ulum  in the lungs and those appearing  
in the d u od enu m . A lth o u g h  num bers o f  d ip lo ­
stom ula in the lungs began decreasing at ap ­
p ro x im a te ly  the sam e tim e  as they began increas­
ing in the d u o d en u m , substantial num bers were 
still present in the lungs a t the te rm in a tio n  o f  the 
study.
D u rin g  the increase in  num bers o f  d ip lo s to m ­
ula in the sm all in testine w e observed s im ila r  
ju ven iles  in the trachea on days 13, 18, an d  19 
and in the contents o f  the stom ach on  days 15 
and 17. W ashings fro m  the thoracic  c a v ity  from  
day 11 on w ard  also revealed v ia b le  d ip lo s to m ­
ula, how ever, none was observed in  th e  d ia ­
phragm  o r a b d o m in a l c a v ity  an d  no fu rth e r d e ­
ve lop m en t occurred in the thoracic  cav ity .
T h e  first g rav id  adults  w ere observed in  the 
du od enu m  by day 15, bu t eggs w ere n o t seen in 
the feces by fo rm a lin -e th e r  se d im en ta tio n  un til 
day 19.
Development
T h ere  were no  m orpho log ica l changes in  the  
m esocercariae a fte r p enetra tion  o f  the stom ach  
w all o r d iaph ragm  (F ig . 1). H o w e v e r, upon en ­
trance in to  the lungs the m esocercariae im m e ­
d ia te ly  began to  enlarge in  length and w id th . By 
day 4 , the a n te rio r end show ed increased lateral 
grow th on e ith e r side o f  the o ra l sucker, presum ­
ab ly  in d ica tive  o f  the ru d im e n ta ry  lappets. N o  
in d ica tio n  o f  a ho ldfast organ was present. D a y  
5 showed contents o f  the fo u r un ice llu la r pene­
tra tion  glands, th a t w ere so read ily  ap paren t in  
young m esocercariae, to be exhausted and the  
large nuclei were often lost (F ig . 2 ). A  depression  
on the ven tra l surface behind  the acetab ulu m  
suggested the ru d im e n ta ry  ho ldfast organ. By day  
7, the form s were recognized as fu lly -fo rm e d  d ip ­
lo sto m u la  (F ig . 3). T h e  forebody was foliaceous 
w ith  the m argins folded ventrally  to form  a scoop. 
T h e  lappets on e ith e r side o f  the oral sucker were 
capable o f  everting , and the holdfast organ was 
elongated and fu lly  fo rm ed . T h e  h ind body was 
ru d im e n ta ry , bu t the spherical germ inal mass o f  
the m esocercariae no w  varied  in d evelo pm en t 
from  a fo ur-lo bed  structure to that in w h ich  the 
ov ary , tw o  testes, and ejaculatory pouch were  
discern ib le . By days 7 to  9, the penetration glands 
atro p h ied  fu rth er and m any lost th e ir connection  
to the ducts in the oral sucker.
O n  day 11, the first duodenal form s w ere o b ­
served and they w ere indistinguishable m o rp h o ­
lo gica lly  from  the m ost advanced lung form s. 
T h e  m ost ap paren t d eve lo pm en ta l change in  the 
d u o d en u m  was the rap id  grow th o f  the h indbody  
w ith  co n co m itan t m a tu ra tio n  o f  the reprod uc­
tiv e  organs (F ig . 4 ). T h e  first ovigerous speci­
m ens w ere observed on day 15 (F ig . 5). A t  that 
t im e  the foliaceous m arg ins o f  the forebody were 
observed to  m eet each o th er at the ventra l m id ­
lin e  a llo w in g  the en tire  forebody to  w rap around  
a host in testina l v illus .
DISCUSSION
It  is ev id e n t th a t a m igra tio n  o f  m esocercariae  
out o f  the gut and to  the lungs m ust occur before  
d e ve lo p m en t to the d ip lo s to m u la  stage. L ik e ­
wise, the lungs do  no t possess the requirem ents  
to cause m a tu ra tio n  to the ad u lt and the d ip lo ­
stom ula m ust m igrate  to the du od enu m . Less 
clear are the routes th at are taken to get to the 
lungs and du o d en u m .
M esocercariae m ig ra tin g  through the stom ach  
w all en tered  the a b d o m in a l cav ity  and ac tive ly  
penetrated the d iap h rag m . Subsequently, these 
stages en tered  the thoracic  ca v ity  and d irec tly  
penetra ted  the lungs. H o w e ver, we also found  
m esocercariae in bo th  the liv e r  and the b lood o f  
the heart, suggesting th a t an avenue via the c ir ­
cu la tio n  is possible. T h e  c ircu lato ry  route w ould  
seem, a p r io ri, to be a qu ick  and d irect m eans to  
the lungs. T h e  m esocercariae could enter the liv -
F i c h j r e s  1 - 5 .  Stages o f Alaria marcianae during migration in a cat. 1. Two-day-old, undifferentiated me- 
soccrcaria from the thoracic cavity. Note the four, large, unicellular penetration glands. 2. Intermediate form 
taken from the lungs at day 5 . Note the lateral growth on either side o f the oral sucker suggesting the lappets, 
the exhausted penetration glands, and the developing holdfast immediately posterior to the acetabulum. 3. Fully 
formed diplostomulum from the lungs. The lappets are evcrsible, the holdfast is fully formed, and the reproductive 
organs are discernible. 4. Immature worm from the duodenum on day 12. S. Adult worm from the duodenum 
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cr, pass through the hepatic ve in  and posterior  
vena cava to the right side o f  the heart, a llow in g  
direct access to the lungs. H o w e v e r, w e never 
observed any pctecchial hem orrhage in  the liv e r  
nor any com prom ises o f  the liv e r  capsule w hich  
m ight suggest a mass m ig ra tio n  through th is o r ­
gan. It  w ould  seem reasonable to  expect d e m o n ­
strable hem orrhage o f  the liv e r  i f  several hundred  
larvae were m igratin g  th rough it. M o re o v e r, i f  
the circu lato ry  system is the route o f  preference  
we should be able to  recover the larvae in  large 
qu an tity  from  the soft tissues o f  the liv e r  and  
lung. W e  had good success in  recovering larva l 
stages from  the lungs, but n o t fro m  the liv e r  nor  
from  the cham bers o f  the heart.
M ig ra tio n  through the c ircu la tio n  m ay  ac­
count fo r the very qu ick  a rr iv a l in  the lungs o f  
some o f  the larvae du rin g  the first 2  days. H o w ­
ever, the large increase in  n u m b e r o f  m esocer­
cariae in  the lungs by day 3 in d ica ted  a som atic  
m igra tio n . I f  the c ircu lato ry  rou te  was preferred, 
the m esocercariae could  co nce ivab ly  reach the  
lungs in  alm ost neglig ible t im e . T h e  large in ­
crease o f  num bers o f  larvae in  the lungs a t such 
a late tim e  as day 3 and o n w ard  in d ica ted  a route  
other than c ircu lato ry . T h e  progressive tran s i­
tion  o f  larvae in the stom ach w a ll, ab d o m in a l 
cavity , d iaphragm , thoracic cav ity , and lungs also 
indicated a som atic  m ig ra tio n . W e  be lieve, there­
fore, that a lthough som e fo rm s m ay get to  the 
lungs v ia  the c ircu la tion , it is no t the preferred  
route.
U p o n  reaching the lungs m etam orph os is  to  
d ip los tom ula  occurred in  as lit t le  as 4  days. T h e  
bu ild u p  o f  m esocercariae in the lungs appeared  
by day 3 and all were fu lly -fo rm e d  d ip lo s to m u la  
by day 7. Lapp et fo rm atio n  appeared first, then  
elaboration  o f  the holdfast organ, and fin a lly  loss 
o f  the penetra tion  glands. By day 11 the d ip lo ­
stom ula were m igratin g  and th e  first fo rm s were  
seen in the du o d en u m . W e  found d ip lo s to m u la  
in the trachea and stom ach, thereby ind ica ting  
that they do m igrate  in to  the trachea, are coughed 
up, and sw allow ed. T h is  m ost lik e ly  is a very  
quick event w ith  the o p p o rtu n ity  o f  observing  
them  in the esophagus q u ite  rem o te .
D ip lo s to m u la  were consistently dem onstra ted  
in the thoracic  c a v ity  from  day 11 on. These  
apparen tly  cam e out o f  the lungs. D ip lo s to m u la  
were never observed in  the d iap h ra g m  o r ab ­
d o m in a l ca v ity  and th is  was consistent w ith  the  
fact that th e ir  penetration glands a tro ph ied  by 
days 7 to 9. Those d ip lo s to m u la  th at entered the  
thoracic c avity  from  the lungs need no t be viewed
as reaching a dead end. I f  they m igrate out o f  the 
lungs w ith o u t the a id  o f  penetra tion  glands, pre­
sum ably they have the a b ility  o f  rc -cn lcring  the 
lungs by the sam e m eans.
O u r  results in d ica ted  th at the fundam enta l 
pattern  o f  m ig ra tio n  in  the cat reported by C u ck- 
ler (1 9 4 0 ) to be correct. Because we exam ined  
m ore hosts at m o re  frequent in terva ls  we were 
able to refine the tim e  d ip lostom ula  develop from  
13 days reported by C u ck ler to  7 days and the 
tim e  that sexual m a tu rity  is reached in the sm all 
in testine from  21 days to  15. W e  believe that 
m ig ra tio n  m ay  also occur through the c ircu lato ry  
system as suggested by Pearson (1 9 5 6 ) and A llen  
and M il ls  (1 9 7 1 ). T h is  a lte rn a tiv e  route to the 
lungs m ay  be the lin k  to  reso lving o u r previous  
ob servation  on pregnant cats. W e  (Shoop and  
C o rk u m , 1983) reported  th a t som e m esocercar­
iae in  a pregnant cat undergo a m igratio n  and  
becom e adults in  the in testine w h ile  others are 
d iverted  to  the m a m m a ry  glands and subse­
q u en tly  en ter the young sucklings. I f  M i l le r ’s 
(1 9 8 1 ) hypothesis th a t a h o rm o n a l s tim ulus o f  
m esocercarial m ig ra tio n  to  the m a m m a ry  glands 
is v a lid , it  is conce ivab le  th a t m esocercariae in 
the c ircu la to ry  system w o u ld  be m ore read ily  
in fluenced than those undergoing som atic  m i­
gration .
In  the present study A. m arcian ae  m atu red  in 
k ittens w ith in  as lit t le  as 15 days. S av in o v  (1 9 5 3 ) 
observed th at A. a la ta  fro m  Eurasia m atu red  in 
the can id  host w ith in  35 days. Except fo r the 
tim e  fram e the sequence o f  deve lo pm en t for A. 
ala ta  agrees closely w ith  th a t o f  A. m arcianae  in 
cats reported  here. S a v in o v  also found m esocer­
cariae in  the liv e r  an d  heart, bu t m ade no m en ­
tio n  o f  its significance. Pearson (1 9 5 6 ) has d e m ­
onstrated th a t w hen A. can is  ( =  A. m arcianae) 
is fed to  a can id  host those w o rm s m atu re  in 34 
days. T h e  s im ila ritie s  between A. a la ta  and A. 
m arcian ae  in m orpho log y , life-cycle, and now  in 
the sequence o f  m ig ra tio n  m ay  suggest that the 
on ly  reasons fo r th e ir  co ntinued  separation as 
d istin ct species arc h isto rical and not biological.
T h e  significance o f  th is  study rests on the fact 
th at a baseline sequence o f  events in  a nonpreg­
nant host is o u tlin ed . I t  is possible to no w  de­
te rm in e  at w h ich  p o in t, chrono log ically  and a n ­
a to m ic a lly , the m ig ra tio n  is d ive rted  w hen the 
host becom es pregnant. T h e  fact th a t we were 
able to  d istinguish a b id irec tio n a l route to  the 
lungs m ay be im p o rta n t in  ex p la in in g  w hy, in 
pregnant hosts, som e m esocercariae d iv e rt to the 
m a m m a ry  glands and others to  the du od enu m .
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INTRODUCTION
The i n t e s t i n e - l u n g - i n t e s t i n e  m i g r a t i o n  in t r e m a t o d e s  i s  u n iq u e  t o  
the  d i p l o s t o m i d  g e n e r a  A l a r i a  S c h r a n k ,  1788 and P h a ry n g o s t o m o i des  H a r ­
kema, 1942. The p r e c i s e  c h r o n o l o g i c a l  e v e n t s  of  t h i s  m i g r a t i o n  have 
y e t  t o  be d e m o n s t r a t e d  f o r  members o f  t h e  genus  P h a r y n g o s t o m o i d e s , b u t  
they  h ave  b een  e l u c i d a t e d  f o r  A l a r i a  a l a t a  by Sav inov  ( 1953) and f o r  
A. m a r c i a n a e  by Shoop and Corkum ( 1 9 8 3 b ) .  The g e n e r a l i z e d  m i g r a t i o n  
b e g i n s  w i t h  t h e  i n g e s t i o n  o f  m e s o c e r c a r i a e  t h a t  p e n e t r a t e  t h e  s tomach 
w a l l ,  p a s s  t h r o u g h  t h e  d i a p h ra g m ,  and e n t e r  t h e  l u n g s .  Some m e s o c e r ­
c a r i a e  may a l s o  r e a c h  th e  lu n g s  v i a  t h e  c i r c u l a t o r y  s y s t e m .  Once in  
th e  l u n g s ,  t h e  m e s o c e r c a r i a e  metamorphose  i n t o  d i p l o s t o m u l a .  The 
m o b i le  d i p l o s t o m u l a  r e m a in  b r i e f l y  in  t h e  l u n g s  b e f o r e  m i g r a t i n g  i n t o  
th e  t r a c h e a  and th en  t h e y  a r e  coughed up and sw a l lo w ed .  Upon r e a c h i n g  
t h e  s m a l l  i n t e s t i n e  t h e  d i p l o s t o m u l a  a t t a c h  t o  v i l l i  and m a t u r e  t o  
a d u l t h o o d .
A most  i n t r i g u i n g  p e c u l i a r i t y  h a s  r e s u l t e d  from t h i s  complex mi­
g r a t i o n  in  b o t h  g e n e r a .  M i l l e r  and h i s  a s s o c i a t e s  c o n c l u d e d  t h a t  t h e  
i n f e c t i o n  o f  r a c c o o n  l i t t e r s  w i t h  P h a ry n g o s t o m o i d e s  p r o c y o n i s  was th e  
r e s u l t  o f  a t ransmammary r o u t e  o f  m e s o c e r c a r i a e  ( M i l l e r ,  1981) .  In  a 
r e c e n t  r e p o r t ,  Shoop and Corkum (1 983a )  d e m o n s t r a t e d  e x p e r i m e n t a l l y  
t h a t  t ransmammary i n f e c t i o n  a l s o  o c c u r s  in  A l a r i a  m a r c i a n a e . A p p a r e n t ­
l y ,  t h e  norm al  c y c l i c  m i g r a t i o n  o f  th e  m e s o c e r c a r i a e  i s  d i v e r t e d  t o  the  
mammary g l a n d s  in  l a c t a t i n g  mammalian h o s t s  and th e  young become 
i n f e c t e d  as  t h e y  n u r s e .  M i l l e r  (1981)  s u g g e s t e d  t h a t  t h e  d i v e r s i o n  of  
m e s o c e r c a r i a e  t o  th e  mammary g l a n d s  may be d i r e c t e d  by h o rm o n a l  c u e s .
As a f u r t h e r  c o n t r i b u t i o n  t o  u n d e r s t a n d i n g  t h e  b i o l o g y  o f  t h e s e  
o rg a n is m s  we aim t o  document  t h e  e x t e r n a l  t e g u m e n t a l  ch a n g e s  o f  t h e
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m e s o c e r c a r i a , d i p l o s to m u l u m ,  and a d u l t  o f  A l a r i a  m a r c i a n a e  as th ey  
u n d e r g o  t h e i r  s o m a t i c  m i g r a t i o n  in d o m e s t i c  c a t s .
MATERIALS AND METHODS
M e s o c e r c a r i a l  s t a g e s  o f  A l a r i a  marc i a n a e  were r e c o v e r e d  from th e  
f a t  b o d i e s  o f  t h e  w a t e r  m o c c a s i n ,  A g k i s t r o d o n  p i s c i v o r u s . Some meso-  
c e r c a r i a e  were f i x e d  i m m e d i a t e l y  f o r  s c a n n i n g  e l e c t r o n  m i c r o s c o p y .  
Twenty- two k i t t e n s  we re  i n o c u l a t e d  p . o .  w i t h  200 m e s o c e r c a r i a e  each 
and n e c r o p s i e d  3 ,  6 ,  12, and 24 h r  l a t e r ,  and th en  a t  d a i l y  i n t e r v a l s  
f o r  19 d a y s .  The f o l l o w i n g  r e g i o n s  we re  examined  a t  each n e c r o p s y :  
s tomach w a l l ,  i n t e s t i n a l  w a l l ,  ab d o m in a l  c a v i t y ,  l i v e r ,  h e a r t ,  d i a ­
phragm,  t h o r a c i c  c a v i t y ,  l u n g s ,  t r a c h e a ,  e s o p h a g u s ,  s t o m a c h ,  and s m a l l  
i n t e s t i n e .  The ab d o m in a l  and t h o r a c i c  c a v i t i e s  were  f l u s h e d  w i t h  0.8% 
s a l i n e  and t h e  f l u i d s  ex a m in e d .  The l u n g s ,  l i v e r ,  and d i aph ragm  were 
comminuted f o r  2-3  s e c  i n  a Waring B l e n d e r  w i t h  s a l i n e ,  d e c a n t e d ,  and 
p a r a s i t e s  r e c o v e r e d .  The t r a c h e a  and r e g i o n s  o f  t h e  i n t e s t i n a l  t r a c t  
were  s l i t  a l o n g  t h e i r  l e n g t h s ,  washed in  s a l i n e ,  d e c a n t e d ,  and th e  
p a r a s i t e s  r e c o v e r e d .  A d d i t i o n a l l y ,  t h e  s tomach  and i n t e s t i n a l  w a l l s  
were comminuted f o r  2 -3  s e c  i n  a b l e n d e r ,  d e c a n t e d ,  and t h e  p a r a s i t e s  
r e c o v e r e d .  The h e a r t  was m inced  w i t h  s c i s s o r s  in  s a l i n e  and th e  
p a r a s i t e s  r e c o v e r e d .
A l l  s t a g e s  u s e d  i n  t h i s  s t u d y  were  f i x e d  in  4.0% g l u t a r a l d e h y d e , 
d e h y d r a t e d  in  an e t h a n o l  s e r i e s ,  c r i t i c a l l y  p o i n t  d r i e d ,  c o a t e d  w i t h  
Au /Pd ,  and v iew ed  w i t h  a s c a n n i n g  e l e c t r o n  m i c r o s c o p e .
4 1
RESULTS
P repu lm onary  Phase
M e s o c e r c a r i a  r e c o v e r e d  from t h e  s tomach w a l l ,  ab d o m in a l  c a v i t y ,  
d i ap h rag m ,  l i v e r ,  and h e a r t  o f  d o m e s t i c  c a t s  were i n d i s t i n g u i s h a b l e  
m o r p h o l o g i c a l l y  from t h o s e  f i x e d  i m m e d ia t e l y  a f t e r  re mova l  from th e  
snake p a r a t e n i c  h o s t .  The m e s o c e r c a r i a l  body was f l a t t e n e d  d o r s o -  
v e n t r a l l y  w i th  a s l i g h t  c o n c a v i t y  in  t h e  p o s t e r i o r  h a l f  ( F i g .  1) .
The a n t e r i o r  end t a p e r e d  d ep en d in g  on th e  s t a t e  o f  e x t e n s i o n  or  r e t r a c ­
t i o n .  The p o s t e r i o r  end was b r o a d l y  r o u n d e d  w i t h  a s m a l l ,  d o r s a l l y  
r e f l e c t e d  nub t h a t  r e p r e s e n t e d  t h e  r u d i m e n t a r y  h i n d b o d y .  The e x c r e ­
t o r y  po re  was l o c a t e d  on t h e  h i n d b o d y .
The o r a l  s u c k e r  op ened s u b t e r m i n a l l y  and was e n c i r c l e d  by 14 or  
15 rows o f  s i m p l e ,  p o s t e r i o r l y  d i r e c t e d  s p i n e s  ( F i g .  2 ) .  Body s p i n e s  
were  l o c a t e d  a l o n g  t h e  m a rg i n s  o f  th e  v e n t e r  t o  t h e  p o s t e r i o r  end .
At t h e  l e v e l  o f  t h e  a c e t a b u l u m  t h e s e  s p i n e d  a r e a s  c o n v e r g e d  m e d i a l l y  
and s u r r o u n d e d  t h e  s u c k e r  ( F i g s .  1 , 4  ) .  T h i s  p a t t e r n  l e f t  two a r e a s  
o f  t h e  v e n t e r  d e v o i d  o f  s p i n e s :  one a n t e r i o r  t o  t h e  a c e t a b u l u m  and 
one p o s t e r i o r  t o  i t .  The a c e t a b u l u m  was u s u a l l y  r e t r a c t e d  w i t h i n  th e  
body w a l l  and h ad  3 or  4 s t a g g e r e d  rows o f  s p i n e s  e x c e p t  f o r  th e  
a n t e r i o r  f i f t h  where  t h e y  we re  a s s o c i a t e d  w i t h  t h e  o r a l  s u c k e r .  Where 
s p i n e s  were a b s e n t ,  t h e  tegum en t  had  a c o b b l e s t o n e l i k e  a p p e a r a n c e  ( F i g .  
6 ) .
A s s o c i a t e d  o n ly  w i t h  t h e  s p i n e d  a r e a s  were  u n i c i l i a t e  p a p i l l a e  
( F i g .  3 ) .  A s e r i e s  o f  s i x  o f  t h e s e  p a p i l l a e  c i r c u m s c r i b e d  t h e  b a s e  
o f  t h e  o r a l  s u c k e r .  In  a d d i t i o n ,  two a r c s  c o m p r i s e d  o f  a t  l e a s t  t h r e e  
p a p i l l a e  each  e x t e n d e d  p o s t e r i o r l y  a l o n g  t h e  m a r g i n s  o f  t h e  v e n t e r  
( F i g .  5 ) .
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F i g u r e s  1-6.  M e s o c e r c a r i a l  t egument  d u r i n g  t h e  p rep u lm o n a ry  phase  
o f  m i g r a t i o n .  I.  V e n t r a l  v i ew  o f  m e s o c e r c a r i a . Note  t h e  two a r e a s  
a n t e r i o r  and p o s t e r i o r  t o  t h e  a c e t a b u l u m  t h a t  a r e  d e v o id  o f  s p i n e s .
Bar = 50 urn. 2 .  Ora l  s u c k e r  w i t h  s i m p le  s p i n e s .  Bar = 5 um. 3 .  U n i -  
c i l i a t e  p a p i l l a  on th e  v e n t r a l  s u r f a c e .  Bar = 5 um. 4 .  Acetabulum 
w i th  3 or  A rows o f  s p i n e s .  Note  t h e  a r e a  i m m e d i a t e l y  a n t e r i o r  which 
i s  d ev o id  o f  s p i n e s .  Bar  = 5 um. 5 .  V e n t r a l  v i e w  w i t h  t h e  ar rows  
i n d i c a t i n g  an a r c  o f  t h r e e  u n i c i l i a t e  p a p i l l a e  on t h e  l e f t  s i d e .  Bar = 
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F i g u r e s  7 -1 2 .  D ip lo s to m u lu m  tegum en t  d u r i n g  tlie pulmonary  phase  
o f  m i g r a t i o n .  7.  V e n t r a l  v iew  o f  t h e  d i p l o s to m u l u m .  Bar  = 50 um.
8.  O ra l  s u c k e r .  Bar  = 5 um. 9 .  C o n i c a l  l a p p e t  o f  a 5 day PI  s t a g e .
Bar = 5 um. 10. L a p p e t  o f  a 7 day PI  d i p l o s to m u l u m .  No te  t h e  d i f f e r e n ­
t i a t i o n  o f  a l o n g i t u d i n a l  p a t c h  o f  m i c r o v i l l i f o r m  p r o c e s s e s  ( a r r o w s ) .
Bar = 10 um. 11. D o r s a l  v i ew  o f  f o r e b o d y  showing th e  3 - p r o n g e d  s e r r a t e d  




Only in  t h e  lu n g s  d i d  t h e  m e s o c e r c a r i a  b e g i n  a t r a n s f o r m a t i o n  to  
th e  d ip lo s to m u l u m .  The a n t e r i o r  end showed i n c r e a s e d  l a t e r a l  growth 
on e i t h e r  s i d e  o f  t h e  o r a l  s u c k e r  and formed s h o r t ,  c o n i c a l  p r o j e c ­
t i o n s  ( F i g .  9 ) .  These  p r o j e c t i o n s  r e p r e s e n t e d  t h e  r u d i m e n t a r y  l a p p e t s .  
W i th in  s e v e r a l  d a y s ,  a l o n g i t u d i n a l  p a t c h  on t h e  v e n t r a l  s i d e  o f  each 
p r o j e c t i o n  d i f f e r e n t i a t e d  i n t o  m i c r o v i l l i f o r m  p r o c e s s e s  ( F i g s .  1 0 , 2 0 ) .
Tegum enta ry  c h a n g e s  i n c l u d e d  t h e  a c q u i s i t i o n  o f  u n i c i l i a t e  
p a p i l l a e  o v e r  t h e  v e n t r a l  s u r f a c e .  S p i n e s  were  l o s t  from t h e  a c e t a b u ­
lum ( F i g .  12) and t h e  o r a l  s u c k e r  ( F i g .  8 ) ,  b u t  on t h e  r e m a i n d e r  o f  
t h e  body t h e y  d i v i d e d  t o  g i v e  r i s e  t o  t h r e e - p r o n g e d  s e r r a t i o n s  ( F i g .  
11).  Concommitant  w i t h  t h e s e  c h a n g e s  was t h e  a p p e a r a n c e  o f  a d e p r e s ­
s i o n  in  t h e  body w a l l  midway b e tw een  t h e  a c e t a b u l u m  and t h e  p o s t e r i o r  
end o f  t h e  body ( F i g .  13) .  W i t h i n  1-2 days  t h i s  d e p r e s s i o n  d e v e lo p e d  
i n t o  an e l o n g a t e  i n v a g i n a t i o n  o f  t h e  body w a l l .  T h i s  r e p r e s e n t e d  t h e  
r u d i m e n t a r y  t r i b o c y t i c  o rg a n  ( F i g .  14) .  As t h e  t r i b o c y t i c  organ 
d e v e lo p e d  t h i s  p r e v i o u s l y  s p i n e l e s s  a r e a  became c o v e r e d  w i t h  s i m p l e ,  
s t o u t  s p i n e s .
By 7 days P I ,  t h e  worms w i t h i n  t h e  l u n g s  we re  f u l l y  d ev e lo p e d  
d i p l o s t o m u l a  ( F i g .  7 ) .  The n u b l i k e  h i n d b o d y  o f  t h e  m e s o c e r c a r i a  had 
grown t o  a c y l i n d r i c a l  s h ap e  d e v o i d  o f  s p i n a t i o n .  With  l a t e r a l  growth 
of  th e  fo r e b o d y  t h e  worm became d i s t i n c t l y  s c o o p - s h a p e d  in  a p p e a r a n c e .
S u b s e q u e n t l y ,  worms i n d i s t i n g u i s h a b l e  from pu lm onary  phase  d i p l o ­
s to m u la  were a l s o  foun d in  t h e  t r a c h e a ,  s t o m a c h ,  and duodenum. 
P o s tp u lm o n a r y  Phase
P r e s u m a b l y ,  t h e  d i p l o s t o m u l a  were coughed  up from t h e  lu n g s  and 
sw a l lo w ed .  They were  d e t e c t e d  as  e a r l y  a s  day II PI i n  t h e  u p p e r
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F i g u r e s  13—1A. D ip los tomulum tegument  d u r i n g  the  pulmonary phase  
o f  m i g r a t i o n .  13. D e p r e s s i o n  in  t h e  v e n t r a l  body w a l l  o f  a 3 day PI 
s t a g e  t h a t  r e p r e s e n t s  t h e  f i r s t  i n d i c a t i o n  o f  the  t r i b o c y t i c  o rg a n .
Bar = 50 um. 14. T r i b o c y t i c  o rg an  a t  5 days  P I .  Note th e  number of  




1-5 cm of the  duodenum. W i th in  4 days  t h e y  m a tu red  i n t o  a d u l t s  ( F i g .
15).  A l l  worms a t t a c h e d  to  a h o s t  v i l l u s  by means of  t h e  for ebod y 
( F i g .  16).  The l a p p e t s  on e i t h e r  s i d e  o f  th e  o r a l  s u c k e r  c o n t i n u e d  
t o  grow in  l e n g t h  ( F i g s .  17, 19) and embedded d e e p l y  i n t o  the  duodenal  
mucosa .  The a r e a  c o v e r e d  by t h e  m i c r o v i l l i f o r m  p r o c e s s e s  expanded 
t o  i n c l u d e  t h e  e n t i r e  v e n t r a l  s i d e  of  t h e  l a p p e t  ( F i g .  17) ,  whereas  
t h e  d o r s o l a t e r a l  s i d e s  were c o v e r e d  w i t h  s e r r a t e d  s p i n e s  ( F i g .  19).
These s p i n e s  c o v e r i n g  t h e  dorsum and t h e  l a p p e t s  d i v i d e d  a secon d t ime 
to  g i v e  r i s e  t o  f i v e -  o r  s i x - p r o n g e d  s e r r a t i o n s  ( F i g .  2 5 ) .
The t r i b o c y t i c  o rg an  c o n t i n u e d  t o  e l o n g a t e  u n t i l  i t  was a p p r o x i ­
m a t e l y  s i x  t i m e s  t h e  l e n g t h  o f  th e  a c e t a b u l u m  ( F i g s .  15, 2 2 ) .  W i th in  
t h e  t r i b o c y t i c  o rg a n  two d i s t i n c t  t e g u m e n t a l  r e g i o n s  we re  r e c o g n i z a b l e .
The l a t e r a l  f l e s h y  l o b e s  were c h a r a c t e r i z e d  by s t o u t ,  o u t w a r d l y  d i r e c ­
t e d  s p i n e s  ( F i g .  23) w h i l e  t h e  i n n e r  f o l d s  were  c o m p r i s e d  o f  a l a b y ­
r i n t h i n e  a r r a y  o f  t e g u m e n t a l  p r o c e s s e s  ( F i g .  2 4 ) .
U n i c i l i a t e  p a p i l l a e  were ab u n d a n t  o v e r  t h e  v e n t r a l  p a r t  o f  th e  
f o r e b o d y .  Those p a p i l l a e  t h a t  were e n c l o s e d  w i t h i n  t h e  f o r e b o d y  
p o s s e s s e d  a l o n g e r  c i l i u m  th a n  t h o s e  e x p o s e d  on t h e  r e m a i n d e r  o f  th e  
body ( F i g .  2 6 ) .  S e v e r a l  c i r c l e s  o f  p a p i l l a e  we re  v i s i b l e  on t h e  
o r a l  s u c k e r  ( F i g .  18) a s  w e l l  as  on th e  a c e t a b u l u m  ( F i g .  2 1).
The h in d b o d y  o f  t h e  a d u l t  grew r a p i d l y ,  r e f l e c t i n g  t h e  d e v e l o p ­
ment o f  th e  r e p r o d u c t i v e  o rg a n s  l o c a t e d  t h e r e .  In  a f r e s h l y  i n c i s e d  
duodenum, o n l y  t h e  h in d b o d y  o f  th e  a d u l t  can  u s u a l l y  be o b s e r v e d  above 
th e  v i l l a r  mucus .  The hind body  was c o m p l e t e l y  d ev o i d  o f  s p i n e s .  A 
s p a r s e  a r r a y  o f  p a p i l l a e  was o b s e r v e d  o v e r  most  o f  th e  h i n d b o d y  ( F i g .
28) w i t h  t h e  e x c e p t i o n  of  a l a r g e  c o n c e n t r a t i o n  on th e  p o s t e r i o r  end .
These p a p i l l a e  s u r r o u n d e d  a d o r s a l , s u b t e r m i n a l  c l e f t  t h a t  r e p r e s e n t e d
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F i g u r e s  15-20.  A d u l t  t egumen t  in  the  p o s t p u l m o n a ry  phase  o f  m i g r a ­
t i o n .  15. V e n t r a l  v i e w  o f  a d u l t .  Bar = 50 um. 16. A d u l t  a t t a c h e d  to  
an i n t e s t i n a l  v i l l u s  o f  t h e  c a t .  Bar = 50 um. 17. V e n t r a l  v i ew  o f  a 
l a p p e t  w i t h  m i c r o v i l l i f o r m  p r o c e s s e s .  Bar = 5 um. 18. O ra l  s u c k e r  
w i t h  u n i c i l i a t e  p a p i l l a e .  Bar = 5 um. 19. V e n t r o l a t e r a l  v i ew  o f  an 
e x t e n d e d  l a p p e t .  Bar = 50 um. 20.  High m a g n i f i c a t i o n  o f  th e  t r a n s i ­
t i o n  o f  m i c r o v i l l i f o r m  p r o c e s s e s  t o  the  n o n s p i n o u s  t e g u m e n t .  Bar = 0 .5
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F i g u r e s  2 1-26.  A d u l t  tegument  in  the  p o s tp u lm o n a r y  phase  o f  m i g r a ­
t i o n .  21 .  A c e tabu lum .  Note t h e  s p i n e s  on th e  v e n t r a l  s u r f a c e  o f  t h e  
body.  Bar = 5 um. 22.  T r i b o c y t i c  o r g a n .  Bar = 50 um. 23.  H ig h e r  
m a g n i f i c a t i o n  o f  th e  s p i n e s  on t h e  t r i b o c y t i c  o r g a n .  Bar = 5 um. 24.  
T r a n s i t i o n  o f  t h e  i n n e r  l a b y r i n t h i n e  tegumen t  t o  t h e  l a t e r a l  s p i n o u s  
r e g i o n .  Bar = 5 um. 25 .  S e r r a t e  s p i n e s  t y p i c a l  o f  a d u l t  f o r e b o d y .
Bar = 5 um. 26 .  U n i c i l i a t e  p a p i l l a  on the  v e n t r a l  s u r f a c e  o f  th e  




the  open ing  o f  th e  common g e n i t a l  p o re  ( F i g .  2 7 ) .  Sperm were o c c a s i o n ­
a l l y  o b s e r v e d  in t h e  g e n i t a l  p o r e .  The e x c r e t o r y  po re  was l o c a t e d  
t e r m i n a l l y  ( F i g s .  16, 2 7 ) .
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F i g u r e s  2 7 -2 8 .  A d u l t  tegument  in th e  p o s t p u l m o n a ry  phase  o f  m i g r a ­
t i o n .  27 .  S id e  v iew o f  th e  p o s t e r i o r  end o f  th e  h i n d b o d y  showing a 
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The on togeny  of  A l a r i a  m a r c i a n a e  from m e s o c e r c a r i a  t o  a d u l t  was 
d e s c r i b e d  b r i e f l y  by Shoop and Corkum ( 1983b) a t  t h e  l i g h t  m i c r o s c o p i c  
l e v e l  and i s  a m p l i f i e d  in  t h i s  r e p o r t  u s i n g  s c a n n i n g  e l e c t r o n  m i c r o s ­
copy.
The m e s o c e r c a r i a l  s t a g e  i s  a h i g h l y  a c t i v e  l a r v a  t h a t  e x h i b i t s  a 
wide r a n g e  o f  p a r a t e n i c i t y  (Shoop and Corkum, 1981).  The morphology 
and b e h a v i o r  o f  t h e  m e s o c e r c a r i a  r e s e m b l e s  t h o s e  o f  an e n l a r g e d  
c e r c a r i a l  b ody .  The e x p a n s i o n  o f  t h i s  p o s t c e r c a r i a l  s t a g e ,  b o th  in 
terms o f  t ime and p o t e n t i a l  h o s t s ,  a p p e a r s  t o  be a m o d i f i c a t i o n  o f  the  
l i f e  c y c l e  t h a t  co m p en s a t e s  f o r  t h e  h i g h  h o s t  s p e c i f i c i t y  o b s e r v e d  in 
t h e  d e f i n i t i v e  h o s t .  T h i s  i s  an a l t e r n a t i v e  s t r a t e g y  t o  a l i f e  c y c l e  
in  which t h e r e  e x i s t s  n a r r o w  s p e c i f i c i t y  f o r  t h e  s econd  i n t e r m e d i a t e  
h o s t ,  b u t  a wide  r a n g e  o f  a v a i l a b l e  d e f i n i t i v e  h o s t s .
The r e t e n s i o n  in  t h e  m e s o c e r c a r i a  o f  c e r c a r i a l  c h a r a c t e r s  such as 
th e  fo u r  u n i c e l l u l a r  p e n e t r a t i o n  g l a n d s  and t h e  rows o f  s p i n e s  on th e  
o r a l  s u c k e r  g i v e  t h i s  s t a g e  r e m a r k a b l e  a b i l i t y  t o  p e n e t r a t e  t i s s u e .  
Through a c o m b i n a t i o n  o f  e n z y m a t i c  and m e c h a n i c a l  mechanisms t h e  meso­
c e r c a r i a  i s  a b l e  t o  m i g r a t e  t h r o u g h  t h e  s tomach  w a l l ,  d i a p h ra g m ,  and 
lu ngs  o f  p a r a t e n i c  and d i f i n i t i v e  h o s t s .
Upon e n t r a n c e  i n t o  t h e  l u n g s ,  t h e  m e s o c e r c a r i a l  s t a g e  metamorphoses  
i n t o  t h e  d i p l o s to m u l u m .  E a r l i k e  l a p p e t s  a p p e a r  e a r l y  on e i t h e r  s i d e  
of t h e  o r a l  s u c k e r .  C lo se  i n s p e c t i o n  r e v e a l s  t h a t  th e  v e n t r a l  a r e a  
on t h e s e  l a p p e t s  have d i f f e r e n t i a t e d  i n t o  m i c r o v i l l i f o r m  p r o c e s s e s  
s i m i l a r  t o  t h o s e  r e p o r t e d  by Erasmus (1 969 ;  1970b) in  Diplostomum phox-  
i n i .  H i s t o c h e m i c a l  s t u d i e s  by Joh n so n  e t  a l .  (1971)  and B h a t t i  and
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John son  (1972 ) on a d u l t  A. marc i a n a e  d e m o n s t r a t e d  h y d r o l a s e s  in g l a n d  
c e l l s  a s s o c i a t e d  w i th  t h e s e  p r o c e s s e s .  The g l a n d  c e l l s  a r e  b e l i e v e d  
t o  be th e  s i t e  o f  enzyme s y n t h e s i s  and t h e  m i c r o v i l l i f o r m  p r o c e s s e s  a r e  
where t h e s e  enzymes a r e  l i b e r a t e d .  F u r t h e r ,  t h e y  showed t h a t  th e  l a p p e t s  
p e n e t r a t e d  d e e p l y  i n t o  t h e  c r y p t s  o f  th e  s m a l l  i n t e s t i n e  where  d e s t r u c ­
t i o n  of  th e  h o s t  t i s s u e  in c o n t a c t  w i t h  them was o b s e r v e d .  They c o n c l u d ­
ed t h a t  th e  l a p p e t s  f u n c t i o n  in  e x t r a c o r p o r e a l  d i g e s t i o n .
From t h e  p r e s e n t  s t u d y ,  i t  i s  a p p a r e n t  t h a t  t h e  m i c r o v i l l i f o r m  
p r o c e s s e s  on t h e  l a p p e t s  a r e  w e l l  d e v e lo p e d  in  t h e  d i p l o s t o m u l a ,  b u t  i t  i s 
n o t  known i f  t h e y  a r e  f u n c t i o n a l  a t  t h a t  s t a g e  o r  w h e th e r  t h e y  must  
a w a i t  m i g r a t i o n  o f  t h e  worm t o  t h e  duodenum. I t  c o u l d  be s p e c u l a t e d  
t h a t  t h e s e  a p pe ndages  a r e  an a d a p t a t i o n  t o  p e n e t r a t e  t h e  c r y p t s  o f  t h e  
s m a l l  i n t e s t i n e  and t h a t  e a r l y  deve lopm ent  in  t h e  d ip l o s to m u l u m  s i m p ly  
p r e p a r e s  them t o  t a k e  up r e s i d e n c e  in t h e  g u t  as  soon as  t h e y  a r r i v e .
The e l a b o r a t i o n  o f  t h e  t r i b o c y t i c  or ga n was shown t o  a r i s e  from a 
d e p r e s s i o n  on t h e  v e n t r a l  s u r f a c e  w i t h  s u b s e q u e n t  i n v a g i n a t i o n  o f  th e  
t eg u m en t .  S im p l e ,  s t o u t  s p i n e s  a r o s e  de novo on t h i s  o r g a n .  The s p e c i a l ­
i z a t i o n  o f  t h e  t r i b o c y t i c  o rg a n  i n t o  a r e g i o n  o f  s p i n e s  and t h a t  o f  a 
l a b y r i n t h i n e  tegum en t  h a s  a l s o  been shown by Erasmus ( 1 9 70a ,b )  in  I). 
p h o x i n i . Joh n so n  e t  a l .  (19 71)  and B h a t t i  and Johnson  (1972)  s u g g e s t e d  
t h a t  t h e  f u n c t i o n  o f  t h e  t r i b o c y t i c  o r g a n ,  a s  w e l l  as t h e  l a p p e t s ,  i s  in 
e x t r a c o r p o r e a l  d i g e s t i o n .  T h i s  o rg an  may a l s o  f u n c t i o n  as a h o l d f a s t  
e s p e c i a l l y  in  l i g h t  o f  th e  s m a l l  s i z e  o f  t h e  a d u l t  a c e t a b u l u m  ( F i g .  15).  
However ,  as  s u g g e s t e d  by Ohman ( 1 9 6 5 ) ,  Jo h n so n  e t  a l .  ( 1 9 7 1 ) ,  and th e  
p r e s e n t  s t u d y  ( F i g .  16) ,  a t t a c h m e n t  i s  p r o b a b l y  a c c o m p l i s h e d  by n e i t h e r  
t h e  t r i b o c y t i c  o rg an  n o r  t h e  a c e t a b u l u m ,  b u t  a c t u a l l y  i s  e f f e c t e d  by 
t h e  s c o o p - s h a p e d  f o r e b o d y .  I t  was o b s e r v e d  in  t h e  p r e s e n t  s t u d y  t o
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clamp t i g h t l y  t o  an i n t e s t i n a l  v i l l u s  w i t h  the  l a p p e t s  b u r i e d  dee p ly  
i n t o  th e  mucosa.
During  t r a n s f o r m a t i o n  from m e s o c e r c a r i a  t o  d i p l o s t o m u l a  the  s im p le  
s p i n e s  of  t h e  former  m o d i f i e d  t o  more complex s e r r a t e d  s p i n e s .  K^ie 
(1977)  r e c o g n i z e d  t h a t  s i m p l e ,  p o s t e r i o r l y  d i r e c t e d  s p i n e s  o ccu r  in 
h i g h l y  m i g r a t o r y  forms and t h a t  s e r r a t e d  s p i n e s  a r e  c h a r a c t e r i s t i c  o f  
n o n - m i g r a t o r y  s t a g e s .  A c a s e  c o u l d  be p r e s e n t e d  a g a i n s t  t h i s  h y p o t h e s i s  
b e c a u s e  d i p l o s t o m u l a  w i t h  s e r r a t e  s p i n e s  m i g r a t e  o u t  o f  t h e  l u n g s ,  i n t o  
th e  b r o n c h i ,  up t h e  t r a c h e a ,  and down t h e  es opha gus  t o  t h e  duodenum.
However,  t h e  p r e s e n c e  o f  s e r r a t e d  s p i n e s  may a c t u a l l y  i n d i c a t e  t h a t  
m i g r a t i o n  o f  d i p l o s t o m u l a  o f  A. m a r c i a n a e  i s  a p a s s i v e  o c c u r r e n c e  r a t h e r  
t h an  an a c t i v e  one .  C o n c e i v a b l y ,  d i p l o s t o m u l a  t h a t  e n t e r  a b ro nchus  
c o u l d  be c a r r i e d  by means o f  c i l i a  t o  t h e  u p p e r  t h i r d  o f  t h e  t r a c h e a  
where  t h e  cough r e f l e x  would  p r o p e l  them i n t o  t h e  b u c c a l  r e g i o n .  Once 
t h e r e ,  a s i m p le  swal low r e f l e x  would  t a k e  them t o  t h e  s tomach and 
u l t i m a t e l y  t o  t h e  duodenum. I n  e f f e c t ,  t h e  p o s t p u l m o n a r y  phase  may be 
c o m p l e t e l y  o r c h e s t r a t e d  by t h e  r e a c t i o n s  o f  t h e  h o s t ,  r a t h e r  th an  an 
a c t i v e  m i g r a t i o n  on t h e  p a r t  o f  t h e  d i p l o s t o m u l a .
A l a r i a  i s  one o f  t h e  few t r e m a t o d e  g e n e r a  t h a t  u n d e r g o e s  a so m a t i c  
m i g r a t i o n  in  mammals,  i n c l u d i n g  man. T h i s  s t u d y  r e v e a l s  some o f  the  
t e g u m e n t a l  m o d i f i c a t i o n s  t h a t  a l l o w  A. m a r c i a n a e  t o  a d a p t  t o  t h e  v a r i o u s  
h a b i t a t s  i t  e n c o u n t e r s  d u r i n g  m i g r a t i o n  in  a h o s t .  Most s p e c t a c u l a r  a r e  
t h o s e  o f  t h e  a d u l t  t h a t  p e r m i t  i t  t o  a t t a c h  t o  a h o s t  v i l l u s .  I t  a p p e a r s  
t h a t  t h e  s p e c i a l i z e d  a d a p t a t i o n s  o f  t h e  a d u l t  a r e  t h e  co n s e q u e n c e  of  the  
h i g h  h o s t -  and h a b i t a t  s p e c i f i c i t y ,  w h e reas  t h e  s i m p l i f i e d  morpho logy  o f  
t h e  m e s o c e r c a r i a  i s  a r e f l e c t i o n  o f  i t s  low h o s t  s p e c i f i c i t y  and p a r a -  
t e n i c  h a b i t s .
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